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W FPANK h P)RCXilUi:T * Supcrinteiulciit ot l\iblic liistructk^n 

MESSAGE FROM THE SUPERINTENDENT OF PUBLIC INSTRUCTION 

As society moves toward the twenty- first century there will be a need for 

all citizens to become prepared for an increasingly technological age. ^ 

Certainly our schools must point the preparation of our K-12 students in 

this direction. To this end the State Board of Education adopted in May 

1983, increased gr^aduation requirements and requested my agency to prepare « 

program suggestions and curriculum guidelines to match the graduation 

requirements. The State Board also stipulated that the guidelines should 

reflect the desire to achieve excellence across both academic and 

vocational dreas, and to prepare students with the skills required for 

coll ege and work. 

It is my hope that school districts will find these mathematics guidelines, 
the first in the series of curri«:illum guidelines to be developed, helpful 
as they upgrade curriculum, revise and complete Student Learning 
Objectives, and engage in other program improvement efforts. 

As we proceed then with joint efforts to upgrade mathematics curriculum, I 
strongly urge that you adopt a dual thrust of equity and excellence which 
Willi: 

. facilitate improvement and chang^ in mathematics curricula o 

. enhance the quality of teaching in these fields 

. increase the enrollment of students, particularly women and 
mi nority mal es, in mathematics. ' 

The implementation of a plan to develop the Mathematics Curriculum 
Guidelines resulted in the involvement of "many educators from all levels 
throughout the state. Many hours have tieen given in order to reach 
concensus on these guidelines. I congratulate the educators whose names 
appear on the pages of this document for their excellent work in developing 
a set of guidelines for grades 9-12 mathematics curriculum. The ideas and 
concepts expressed herein wiT truly lead us forward in meeting present and 
future needs in mathematics education. 



Sincerely, 



Frank B . BrouiU et 
State Superintendent 
of Publ ic Instruction 

FBB : e j 



O Old Capitol Building. FG 11. Olympia . Washington 98504 
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, INTRODUCTION 

u 

■ •) . , 

' The High School Core Mathematics Writing Group was directed by the Office 
of the State Superintendent of Public Instruction to prepare a set of 
curriculum devel opment^ gui del i nes for high school mathematics. This 
resulting document is intended to serve as a basis for the development of ' 
high school tnathematicsy curricula by local school districts to meet current 
demand^ and , serve future needs. It is anticipated that additional topics'* 
will assume importance in the 'mathematics ileeds of high school students and 
will be incorporated inta the framework as required, Conversely, topics of 
declining importance will continue to be phased Ciuj^.o 

T4iree sequences of coursework are detailed in this document. Each will 
satisfy state graduation requirements. They are di fferenti ate'd by both the 
extent and the depth of content coverage. 

I, Four-Year Sequence of integrated study is designed for the _ 
^ student who pi ans to enter a mathematics-dependent college 

' program. (It should be noted that coursework in the social 
sciences and other areas not traditionally a^ssociated with 
mathematics are becoming increasingly mathei^atics-dependent. ) 

II. Th ree-Year Sequence of integrated study is designed for the 
student whose p resent plans are not directed toward entrance ipto 
a mathemati cs-o'ependent college program. 

III. Two-Year Sequence of inj;egrated study of high school mathematics 
for the student whose present progress in mathematics, achieve- 
ment level and aspirations preclude a potential for success if 
enrolled in either of the other sequences. This sequence 
provides for meeting the minimal state graduation requirements in 
mathematics. 

o The sfiquence framework allows for sufficient flexibility so that students ^ 
may move from one sequence to another as plerns change and needs dictate. 
It should also be noted that an "honors track" program for exceptionally 
able students in mathematics has not been detailed in this document. (See 
item F, page 7.) 

The members of the High School Mathematics Core Writing Group feel strongly 
that the curricular reforms with which this document is concerned require a 
commitment on the part of the responsible agencies, including those at the 
state and local levels, to provide the financial resources and leadership 
that are essential for their successful development and implementation. 
These resources must provide for an increase in the number and quality of 
mathematics classes available to students as well as meeting curriculum 
development and teacher training needs. 
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PHILOSOPHY 

Today's and tomorrow's students will be living in a world that is 
technologically based and in a society whose complex problems cannot be 
solved with yesterday's toolSw To contribute to and survive in such a 
world, students will -need fluency in mathematics that goes well beyond the 
back-to-the-basics/comput^tion emphasis of recent years. rtVl^ students 
should have the opportunfty to gain as strong a preparation in mathematics 
as their abilities will allow in order to give them the opportunity for' 
maximum intellectual growth and for an optimum range of career choices. 

V 

Traditionally, the approach to- the instruction of high school matJ)ematics 
topics has been based on Isolated skills development.' This has Ted to a 
situation wherein the most basic mathematics skill of all, critical and 
insightful thinking, is almost entirely overlooked... The result is that 
students learn mathematics as a largely unrelated mass of facts with little 
real meaning or purpose; thev are woefully deficient in their ability to 
think creatively and imaginatively in malhematica,! ' situa£i6n's; and they 
have difficulty formulating and/or solving any but the most routine 
iTiathematical problems. • ^ - • / 

Both the National Council of Supervisors of Mathematics and the National 
Council of Teachers of Mathematics hive given first priority-4:o problem . 
solving and the development of probl ^-solvin: :kills in their 
recommendations for needed changes from current practice.* We are in 
total agreement. ' ., 

Problem solving is more than just getting an answer' to a word problem. It 
requires that students apply their mathematical skills and undelrstandings , 
inquiry skills, and thinking skills to formulate and solve problems. The 
, National Assessment of Educational Progress (NAEP) and other studies show 
that our students do comparatively well in mathematical situations 
requiring only the use ofv the lower-level cognitivp skills; but the same 
studies show that students do dramatically less well in-dealing with 
mathematical situations that require problem-sol ving skills. - 

The members of the High School Core Mathematics Writing Group believe that: 

- A problem-solving approach has the potential for greater. excitement 
and motivation than isolated skills learning. By making problem- 
solving activities the mainstay of instruction and .1 earning, 
students' abilities to think analytically will improve, they will 
develop, a more positive attitude toward the study of mathematics, • 
and their command of the traditional skills will develop as a 
natural consequence. " ' 



*See the NCSM Position Paper on the Ten Basic Skills Areas in Mathe- 
matics, and the NCTM An Agenda for Action - Recommendations for Scfiool 
Mathematics of the 1980s. 
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- A problem ' sol ving approach encourages students to experiment with a 
variety ofiflmethods in the process of reaching solutions. 
R6cogniti(ii^ given to students for their selection. of strategies/ 
inethods will give them additional incentive for the further 



important to keep in mind that the processes that are us«d are ^t 
least as impoYtant as the solutions that are obtained. 

A prpblem-sol ving approach is every bit as important with regard to 
meeting the needs of low-achieving studerjts as is the case With 
their more able peers. These students need many^of the same 
probl emrSol|jjj^ skills as do students in more advanced, mathematics 
coDrjes in SWer to function- adequately in the world in which they 
must live. The use of problem-solving activities, at suitable 
levels of sophistication, involving a wide variety of situations ?,nd 
manipulative. experiences, will often motivate low achieving or 
"turned off" students, resulting not only in* improved skills and 
analytical abilities, but also in a lessening of discigjine 
problems,, in a heightened interest in learning., and in improved ^ 
self-perception. s 



- A problem- sol ving approach provides a natural r.etting for consider- 
ation of -'real life" topics including those from business, industry, 
and other vocationally-oriented sources. - In turp', this helps to 
respond to the often repeated question, "When are we ever going to 
have to use this?" This could supply the additional spark that is 

. needed by some students to begin to take the, study of mathematics 
seriously, 4 

- A problem- sol ving approach makes 'possibl e the natural integration of 
topics fr^om the courses in the traditional sequence of .high school 
matHemat^cs, allows for ease of inclusion of "new" topVcs as they 
surface in importance, and the deletion of "old" topi/s as they fade 
in importance. It also provides for spiral review for a flexible 
pace in the introduction and development of topics. 

In summary, problem solving should not only be the first priority 
throughout the high school mathematics curriculum, hut it should also be 
the vehicle that "carries" the instruction/learning in skill and concept 
development. The regressive "back-to-the-basics" mov-ement, characterized 
by a minimum competencies emphasis and restricting attention almost 
jexclusively to the comp'jtation skills, must be put to rest once and for 
all. We believe that all students are capable of becoming problem solvers 
^ with the range and depth of the development of the associated. skills being 
dependent only upon their potential for learning. 




In this regard, it is 
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RECOMMENDATIONS 



Prnbl em-Solving Approach 

The basic recommendation on which this document rests is that problem 
solving must be the primary focus of mathematics instruction/learning 
throughout -ttw high school mathematics program. To accomplish this 
goal, there are important conditions that must be met. Among these 
are: 

1. Development of In^^tructional Materials 

* ■ * * 

Textual "material/ that integrate ski-lls development with problem 
solving in an articulated fashion are currently a^ost non- 
existent. The effort that needs to be made nationally is on the 
scale of the post-Sputnik curriculum development projects of the 
r950s and 1960s. While we must be ready to take advantage of 
such efforts when and .if they do materialize, we cannot afford to 
wa i t . , 

Efforts to produce the materials that will respond to the needs 
that 'have been identified will require the cooperative efforts of 
mathematics educators at the high school and college/university 
levels and others with curriculum development responsibilities. 
Input must also be sought from the business and industrial 
coiTjnunity. Funding levels must be sufficient to allow for the 
associated projects to extend over several years with accompany- 
ing classroom use. of the instructional materials that are 
produced. There must also be provision for the revision of these 
materials based upon the classroom experience. 

2. Teacher (re)Training and Support 

It is imperative that school districts, colleges and universi- 
' ties, and, in fact, the total educational community be involved 
in preparing teachers for fclassroom implementation of. the changes 
w in both content and methodology, that are identified ir4 this 
\ document. Inservice "training must be directed toward assisting , 
teachers in the use of instructional techniques that are based on 
' a probl em-sol ving approach. Funds must be provided for teachers 
to take applicable college-level courses, to attend' conferencgs, 
•to develop their .own instructional materials, ^nd to work on a 
continuing basis^\»ith the colleagues toward effecting the needed • 
improvements in high school mathematics course offerings. 
Networks need to be established at the various levels (state, 
ESD, district) to Jacil itate the, shading of ideas-among teachers 
and to coordinate program evaluation efforts.' Professional 
organizations should also be called upon to play a part through 
their publications, conferences, and other activities that they 
sponsor. 
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3. Instructional, Resources 



Resource banks must be devalopfed to support teachers in their 
efforts to implement dj,^unif-»ed/articulatecl study of mathematics 
effectively under th^ probUT,-sol ving "umbrella." Such banks 
should provide teachers with sources of information on a wide 
variety of classroom-tested Instructional strategies; use of 
multiple texts and/or teacher-generated materials; use of 
manipulatives and consumabl e jnateri al s; us,e of tutors, community • 
resources, and reference people; use of mathematics labs and 
library resources; use of calculators; access to computers, 
software, and data banks cf problems and test items; use of audio- 
visual materials; use of hands-on measurement activities; and use 
of outside-of-class activities. 

Additional resources needed to support instruction include modern 
copy machines, overhead projectors, and a variety of concrete 
materials for concept development activities. 

Integration of Mathematics Topics 

It is recommended that the topics from the various areas of mathe- 
matics of the high school curriculum be integrated throughout each 
course sequence. This is the basis of the organization of topics in 
the course sequence sections of this document. 

Time Considerations 

The time required for implementing an instructional approach that is 
structured around problem solving will come partially with the 
adoption of a new attitude toward "proof." It is recommended that th^ 
obvious and trivial proofs that occur in present programs should be 
eliminated. Alternative styles (paragraph, inductive, informal, etc.) 
should be emphasized with a concurrent reduction in time spent on = 
formal two-column p'^oofs; however, students in the more advanced 
coursework should be able to jus+ify most of ths algebraic and 
geometric properties with which they come in contact. 

It is also recommended that full advantage should be taken of 
calculators and computers in the performance of routine, repetitive, 
or otherwise time-consuming tasks for which they are particularly well 
suited. This will also serve to free aou tional time for problem- 
solving pursuits. 

Graduation Requirements 

Current State graduation requirements mandate the successful 
completion of two years of mathematics. The Agenda for Actio n of 
the National Council of Teachers of Mathematics goes beyond this and 
strongly recommends three years of mathematics for all students in 
grades 9 through 12. The MatlitiPiati cs Core Writing Group agrees with 
thir recommendation and encourages school districts throughout the 
st^ce to develop plans to move toward this goal. It is also critical 
that the mathematics coursGWork in v-hich students engage provides for 
mors th^in just computation skills proficiency. The National Council 
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of Supervisors of fiathematics position paper on the Ten Basic Skills 
Areas provides an excellent blueprint for establishirt^ the "cor"e" 
learnings that should be acquired by all students. 

E. Senior Mathematics Requireinent 

It is recomniended that each student at the senior or 12th-grade level 
be enrolled in a matheriatics course and/or career or vocationally 
oriented course that emphasizes mathematics skills and understandings. 
. Such courses should provide, the proximate response toward meeting 
students' needs to be mathematically "equipped" for entering into the 
workplace an(J/or college coursework. 

F. Honors Programs •"• 

At the' present time, high school honors programs in mathimatics 
provide an accelerated course sequence that generally culminates in 
the study of calculus at the 12th-grade level and provide: the possi- 
bility of advanced placement for those students who are involved in 
the program. While the validity of such programs for outstanding 
mathematics students is Recognized, it is recommended that students be 
enrolled in calculus only after successfully completing the coursev/jrk 
that is detailed in the Four-Year Sequence section that appefrs or. 
following pages. Further, it is recommended that discussion take 
place among high School and college/university mathematics educators 
<^ to determine if there are other courses in addition to calculus that 

should be considered as the culmination of the honors program. 

6. Enrollment of Minorities and Females in Mathematics 

Attention must be given to the underrepresentation of females and 
minorities in the more advanced mathematics coursework. Schools/ 
„. districts must make concerted efforts toward the recognition of 
0 potential among tho students in underrepresented group-j and recrrit 
them into the advanced courses. Support programs that are designed to 
help such students achieve success in their mathematics coursework 
should also be considered. Affiliation with networks and other 
organizations dedicated to overcoming the obstacles to more balanced 
enrollment patterns is highly recommended. 

H. Teacher Selection 

All mathematics courses at the high school level mi'St be taught by 
teachers who have been trained to teach mathematics and who demon- 
strate enthusiasm for the subject matter and a concern for their 
students. , 

I. Additional Concer ns 

1. The entire mathematics program at the high school level needs to 
be supported by accessibility to diagnostic information, effec- 
tive placement procedures, and reasonable class-size 
restrictions. 
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2. Program design must provide for flexibility to allow students to 
transfer between sequences of study as their aspirations change 
and capabilities allow. 

3. There must be increased coord inati<?n of effort among teachers* 
counselors, and administrators regarding proper placement of 
students with respect to the spacial requirements of the 
coursework of the various sequences of study. 
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CURRICULUM DEVELOPMENT GUIUBLINES 



As previously stated, there are three.^.-^^i^ences of coursework that are 
detailed in the curriculum development guutelines that follow. These are: 

Four-Year Sequence. This is an intiVated cinjrse of study that is 
structured around problem solving, apMicationte, and the acquisition 
of theory. The sequencers designed foX^he cpHege- bound student who 
plans to enter a mathematics-based field o^ 

completion of the coursework in this sequenca^^ prepare, a student 
for entry into calculus or any other equally deiiriarttfin^^ 
coursework in the high school honors program as well as for entry into 
any first-year college program. 



Three-Year Sequence. This is an integrated course of study that is 
designed for students whose present plans are not directed toward 
entrance into a mathematics-based college program. Although not as 
. mathematically rigorous as the four-year sequence, students who 
successfully complete the coursework of this sequence will be prepared 
(should their plans change) to enter a col1ege-l ev^l precal cuius 
program. 

Two-Year Sequence. This is an integrated course of study of high 
school mathematics for the student whose present progress in mathe- 
matics, achievisment level and aspirations preclude the potential for 
success'if enrolled in either of the other sequences. The amount and 
level of content that is covered is significantly less than that of 
the other sequences; however the coursework in this sequence meets the 
' minimum State graduation requirements in mathematics. 

The framework of the guidelines for the "^sequences allows for sufficient 
flexibility so that students may move from one sequence to another as 
conditions warrant. 

For each of the sequences, the guidelines indicate the suggested years in 
which topics should be introduced, developed, and mastered. * In general , 
most topics are introduced during the first year of the sequence and 
developed in successive years, increasing the level of sophistication with 
each added exposure. Mastery of some topics is not expected (as indicated 
by the lack of a number in the "Year Mastered" column). 



Introduce indicates either needed review or the initial exposure to the 
skills and understandings associated with the topic. 

Develop indicates an extension of understanding such that, with teacher 
gui dance, students can ap|ily such understandings to the solution of 
problems. 

Mastery indicates a sufficient understanding of the concepts involved such 
that the student, without teacher guidan-ce, can apply such understandings 
to the solution of problems in "new" as well as familiar situations. 
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Many topics are common to all three sequences with the major differences 
being reflected in the selection of appropriate activities that provide a 
match between the student's ability level and the difficulty of the 
concepts involved. In this regard, it is strongly recommended that: • 

- Emphasis is placed on hands-on practical experiences in the intro- 
duction and development of topics, 

- Calculators are used for most computational activities. 

- Computers are used whenever appropriate for problem solving and 
concept development. ' , 

- Small-group activities are utilized whenever possible to allow for 
individual growth through cooperative effort. 

- Problem-solving resources are iderjtified and catalogued as they 
become increasingly available so that the information may be shared 
with colleague|^. 

Each section of the guidelines that follow includes an "Instructional 
-Implication" statement. These statements are intended to establish some 
direction, but not to set limits, on the types of activities and instruc- 
tional methods that should be employed in the classroom. Gurriculum^^ 
developers should find these suggestions useful in setting the tone of 
the instructional resources that are designed for use in the implementation 
of a curriculum based upon this document. 



-10- 



16 



I. FOUR-YEAR SEQUENCE 
A. CRITICAL THINKI'NG AND PROBLEM SOLVING 



STUDENTS SHOULD 



1. 



2. 



Understand and use problem-solving methods. Steps 
may include: 



a. formulating the problem; 

b. analyzing and conceptualizing the problem 
including the use of sketches, physical models, 
Venn diagrams, and jest^ation; ' 

c. identifying appropriate data and tools; 

d. . using experimentation and intuition; 

e. transferring skills and strategies to new 
situations; 

f. drawing on background knowledge; 

g. modeling and predicting outcomes; 

h. finding and interpreting solutions; 

\. checking for reasonableness of results. 
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Instructional Implications: The need for critical thinking 
and problem solving does not begin In grade nine. From the 
earliest grade levels forward, teachers should expose 
students to situations for which the solutlorv Is not Immedi- 
ately obvious. Such problems should require expToratI on and 
result In knowledge acquisition. They may have multiple 
solutions, approximate solutions or both. They may. In 
fact, have no solution. The teacher shobid Include problems 
which can be Interpreted and approached In various ways. In 
this context, the teacher may wish to Include both packaged 
coQiputer programs and student-written programs to complement 
traditional problem- solving methods. 

Apply reasoning processes in problem solving that 
include: 



a. inductive reasoning; 

b. deductive reasoning; 

(1) direct and indirect; 
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I -A. continued 



(2) symbolic logic; 

(3) mathematical induction. 
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Instructional Implicationst The teacher must become 1n- 
creasingly sensitive to the frustration levels of students, 
0 allowing for the development of thinking skills; to take 
place over extended periods of time. Further, teachers 
should be aware that the open-ended nature of problem 
solvlng'and the associated thinking skills are such that 
closure Is never reached (accounting for the fact that there 
are no entries In the "Year mastered" column Irt this and the 
preceding section). Teachers should take care to select 
activities that provide the excitement of discovery that In 
turn will lead to higher levels of motivation. 

3. Understand and use probabil ity and statistical 

methods in the problem- solving process that include 
attention to: y 

a. mean, median, mode; 

b. presentation and interpretation of data 
including the use of graphs, tables, etc.; 

c. interpolation and extrapolation; 

d. standard deviation; 

e. permutations and combinations; 

f. probability and odds;. 

g. sampling techniques. 



Instructional Implications: Teachers should provide an 
abundance of "real -11 fe^ situations that Involve the 
collection and interpretation of data. Teachers shoulj also 
capitalize on the potwtlal for the use of calculator? 
and/or computers Injff&flltatlng the processing and 
displacing of data.^ 
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B. MEASUREMENT: SKILLS AND UNDERSTANDINGS 




•1 




STUDENTS SHOULD 










1. Understands and apply. the factor labeling concept 
(dimensional analysis): e.g., 50 km/hr x 2 hr = 
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12 


2 




100 :<m. V 










Instructional Implications: Teachers should Introduce this 
concept as the need arises In finding solutions to^problems. 
Activities should be provided that utilize an Inductive 
approach to help students discover the relationships th^it 
exist among the various units of measure Involved. X 




1 


2. Use measuring devices in measurement activities in- 
volving length, area, volume, cap-acity, weight 
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12 


2 




^mass), angles, and time. •» , 

^ ■ ' ,«SnS) 

instructional Implications: Teachers siiould provide many 
opportunities for hands-on measurement activities using 
such tools as rulers, compasses, protractors, directional 
compasses, sextants,- transits, balance and sprln^g scales, 
timing devices, etc. 

f. " ■ 


\ 


a 

6 


3. Understand the approximate nature of measurement, 
and such concepts as rounding, greatest possible 
error, precision, accuracy, relative error, and 
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the use of significant digits in computations 
involving measurements. 










Instructional Implications: Teachers should emphasize a 
"common-sense" approach to determining the reasonableness 
, of results obtained In computations Involving measurements 
and provide activities that will assist students In becoming 
adept at guessing and checking, an Important problem-solving 
heuristic. This Is also an area In which teachers should 
utilize applications from other disciplines to motivate the 
need for the acquisition of the necessary understandings and 
skills. 


o 




4. Know the relationship among units within each 
system, English and metric; be able to convert 
measurements in given unit^ to measurements in 
other units within each system; and be able to 
use "rule- of- thumb" methods to obtain approximate 
conversions between the systems (e.g., a meter 
is a little longer than a yard, etc.). 
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I-B. continued 



instructional Implications: Teachers should provide 
hands-on measurement activities that lead students to 
discover the conversion factors. In particular. It is not 
sufficient to teach "moving the decimal point" rules for 
converting among metric units; but Instead, Instruction 
should provide students with the means to deduce whether 
they are to multiply or divide by powers of ten (and by 
which powjers Of ten) through experiential activities. 



5. Use direct measurement in problem-solving 
activities such as those involving: 



a. visual estimation; - 

b. similar polygon applications; 

c. right triangle applications; 

d. use of computer simulations. 
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Instructional Implfcatlons: Teachers should provide 
' applications that create tne need for the use of ^oblem 
solving heuristics such as "guess and check," use of either 
pictorial or physical models, solving similar but simpler 
problems, etc. Oppoijtunltles should be provided for 
students to expedience applications In the world around 
them: e.g., finding the straight-line distance from one 
♦ corner of a building to the ^agonally opposite corner. 



C. GEOMETRY: SKILLS AND UNDERSTANDINGS 



STUDENTS SHOULD 



1. Understand 
associated 



and use 
with geomer 




ocabulary and symbolism 



1 



123 



Instructional Implications: Teachers should provide 
instruction that will assist students In learning the 
terminology of Igeometry so that they will be able to 
describe properties of geometric figures In terms of 
basic definitions.. Activities should be provided that 
involve the use of measurement and construction tools, 
diagrams, graphs, models, etc., to reinforce the learning 
of vocabulary In meaningful contexts. 
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I-C. continued 



2. Understand and use concepts related to plane and 
solid geometric figures such as: 



a. congruence; /- ^ 

b. similarity; • 

c. parallelism; 

d. , perpendicularity; ' 

e. skewness; 

f. loci;, 

g. s^rmmetry; ^ 

h. right triangle trigonometry. 
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, Instructional Implications; Teachers should provide 
experiential activities that lead to gerierallzatlons 
concerning these concepts. In particular, use should 
be made of physical models with opportunities for 
students to / construct them as well as use models 
constructed by ojthers. Activities Involving appllr 
catlons from the "real ^ world" should be used to 
develop con^^pts related to right triangle trigonometry. 
Opportunities for extensions to other geometries should 
.be afforded. 



3. Prove or otherwise justify selected gepmetric 
, hypotheses. • 
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Instructional Implications; Teachers should emphasize ^ 
alternative styles of justifying hypotheses (paragraph, 
inductive, intuitive^ etc.) with a concurrent reduction in 
time spent on formal two-column proofs; however, teachers 
should, at all times, hold students accountable for the 
methods used and the results obtained. (The time required 
for implementing an Instructional approach that is 
structured iiround problem solving may, in part, come with 
the adoption of a new attitude toward "proof." The obvious 
and trivial proofs that occur in present programs should be 
el imi na ted- al together . ) 
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1-C. continued 



4. Understand and use the Pythagorean Theorem 
elementary trigonometric ratios in solving 
problems involving right triangles. 



and 



I 123 



Instructional ImpHcat1onst Teachers should provide oppor- 
tunltles for students to discover the Pythagorean Theorem 
and right triangle trigonometric ratios through experiential 
activities that Involve construction, measurement and the 
usft of calculators/computers to process the d«ta that Is 
generated by the activities. Applications from the "real 
world" should be emphasized. 



123 



Demonstrate ability to perform geometric construc- 
tions such as constructing figures that are 
congruent to given figures, bisecting segments 
and" angles, constructing perpendiculars and lines 
parallel to given lines, etc. 

Instructional Implications: Teachers should provide for an 
Integration of construction activities throughout the study 
of mathematlcfS, thus facilitating transitions from the 
concrete to the abstract. 



1234 



Understand and use coordinate geometry concepts in 
problem solving: e.g., slope, distance, midpoint, 
equations of lines, conic sections, and transforma- 
tions. 

Ins.tructlQnal Implications: teachers should selfct dctlvl- 
tles involving appllcatldns from business and Industry. 
Extensions should be made to problems requiring the applica- 
tion of linear programming concepts. Extensive use may be 
made of computer graphics In facilitating the understanding 
and use of the concepts of coordinate geometry. 



1234 



Understand concepts related to vectors and solve 
problems that require the geometric addition and 
subtraction of vectors. 

Instructional Implications: Teachers should help studertts 
ft understand now the language and properties of vectors are 
used In applied mathematics at this and more advanced levels 
of mathematics. Applications should be provided that 
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I-C. continued 



utilize the visual and kinesthetic power of the geometric 
vector combined with Its algebraic properties to solve 
problems and construct proofs. Extensions to three 
dimensions should be made. 



8. Understand 
concepts. 



and use transformational geometry 



2 
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Instructlona"* Implications: 'Teachers should jj^ovlde actlvi- 
tles that are drawn from Industrial applications, particu- 
larly In the area of computer assisted design. The 
inclusion of transformational geometry concepts In the 
mathematics curriculum Is of Importance both from the stand- 
point of Interest and practical application. 



9. Understand and use polar coordinates. 



34 



Instructional Implications; Teachers should makCcMse of 
polar graph paper and/or computers in developing under- 
standings and applications associated with polajr coordi- 
nates. 



D. NUMBER (PROPERTIES, THEORY AND COMPUTATION 



STUDENTS SHOULD 



12.34 



1. Understand and use rules for order of operjitions 
and for. simplifying expressions in computing with 
rational numbers, radicals, real numbers, and 
complex numbers. 

Instructional Implications; Teachers should stress the use 
of calculators In computing. The use of petrel! and paper 
algorithms should be minimiized. i chers should provide 
applications Including those invo' jg algebraic and 
geometrt^ concepts (e.g., distance formula, geometric mean, 
area, vffume, etc.) to establish meaningful contexts for the 
practice and refinement of needed computation skills. 
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I-D. con tinued 

J : 



n 



12 



2. Understand and use set notation and concepts from 
set theory such. as union, intersection, complement, 
etc. V 

• c ' 

Instructional Implications; Teachers should provide activi- 
ties that help students understand the use of sets, set 
language and set notation in clarifying and unifyina 

Instructional 



algebraic and geometric concepts. The 
sequence should proceed from the concrete to 



the abstract. 



3. Understand and use the field properties. 



' 1 
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Instructional Implications: Teachers should introduce these 
properties wtthin the contexts of the various number 
systems. For example,- the commutative, associative, and 
distributive properties and the properties: of zero and one 
should be introduced by means of patterns found by computing 
with natural numbers and rational numbers. When students 
exhibit understanding of the properties as they apply to 
numerical examples. Instruction directed toward formal 
definitions will be meaningful to them. Teachers may then 
wish to provide activities that extend these understandings 
to non-numerical systems. 

Students should be given numerous opportunities to apply the 
field properties to problems requiring the simplification of 
algebraic expressions, solution of equations, and construc- 
tion of simple algebraic proofs. (Quasi-proof activities 
are appropriate at this level.) 



4. Understand and use exponential and scientifi.c 
notation. 







V 
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Instructional Implications; Teachers should provide 
instruction, as needed, to enable students to generalize 
place value concepts by expressing the place value of each 
digit in a numeral as .a power of the base (whatever the 
base). Activities should be provided that involve 
translating between standard form and exponential notation 
as well as those' that involve translating among various 
bases. Applications involving scientific no^atiorv should be 
drawn from the physical sciences. 
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I-D, cont inued 
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5. Understand and' apply the properties of ibsoldte 
value. 
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I nstructlonaV Implications: Teachers should provide 
activities that include the geometric Interpretation, 
algebraic definition, and' triangle Inequality. 




. 1 


6. Understand the prpperties of sequencers and s^eries 
and be able to compute scientific terms and sums 


2 
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sequences 



Instructional ImpllcatlShst Teachers should utilize aetlvi- 
tles that Involve pattern recognition aod the use^^^*''^ 
patterns In problem-sol ving activities. Advanta^ should be 
taken of the many opportunities for Investigation and- 
discovery In this area of mathematics. Use should also^ be 
made of non-obvious sequences to Illustrate the fallibility 
of Inductive reasoning: e.g., making all pus&lble 
connections among n points on a circle to obtain the maximum 
number of y^egldns generates the sequence, 1, 2, 4, 8, 16, 
^1,.57, . . . and not 1, 2, 4,°8, 16, 32, 64, . . . as 
expected by most students when given the problem of deter- 
mining the^sequence by connecting successively greater 
numbers of points. The use of calculators and/or computers 
should be encouraged In facilitating explorations In this 
area of mathematics. 



Understand vectors and vector arithmetic. 
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Instructional Implications: Teachers should Involve 
students In the use of vectors and vector arithmetic In the 
Investigation of applications from science and Industry. 
Activities should be provided that lead students to under- 
stand that this powerful problem- solving tool will become 
Increasingly Important as the number and significance oT 
applications continue to 'Increase. This Is also an area of 
mathematics In which the computer will play an Increasingly 
Important role. 



7. 
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I^D« continued 



8. Understand matrices and computrtlon with matrices. 



234 



I ns tructi onal Impi 1 cat 1 ons ; Teachers should make use of 
computers in helping students achieve the necessary under- 
standings as well as aiding In the related computational 
processes. 'Applications should be drawn from business' and 
Industry. (It Is anticipated that this area of mathematics 
win assume Increasing Importance with extensions to new ^ 
areas of application in the years to come.) 



E.> ALGEBRA: CONCEPTS AND SKILLS 



STUDENTS SHOULD 



1. 



2. 



Demonstrate ability to simplify algebraic 
expressions. 
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I ns tructi onal bnpTI ca t1 ons : ^e/chers should provide an 
abundance of applications to motivate students to acquire 
necessary algebraic skills: Ue., skill Instruction should 
not be provided In Isolation from the applications for which 
the skills are needed. 

Solve and graph equations and inequalities 
including; 



a. .linear; 

b. quadratic; 

c. systems in two/three variables; 

d. fractidlfel; 

e. radical; 

f. absolute Value; 

g. trigonometric; 
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I^E. ^continued 



h. exponential and logarithmic; 

1. applications to linear progran^'^lng. 



3 


34 


4 


3 


34 





3. 



Instructional Iwpl 1 cations; Many of the type* of equations/ 
Inequalities listed above are those generated by non- 
trivial; problems tn physics, chemistry, business, account- 
ing, communications, game theory, and literally hundreds of 
, other areas. ThU emphasizes the need for mathematics 

teachers to maintain communication with teachers in other 
disciplines. In addition, people from the "outi^ide** 
community also $hou1d be used as resources whenever 
possil>1e. 

Teachers should provide activities in which the use of 
calculator skills and computer simulations are crucial. 
Further, teachiers should provide opportunities for students 
to demonstrate their understanding of a problem situation by 
' creating a computer program directed toward the solut1(^ of 
the problem. 

When e(|^at1ons Involve radicals, the teacher needs to 
provide activities that lead students to understand both the 
loss of accuracy and the loss of simplicity that may result 
when calculators or computers ^are used. 

Understand and use ratio and proportion in solving 
probVems Including those involving: 



a. similarity; 

b. geometric mean; 

c. direct, inverse, combined and joint variation; 

d. probability. 



I nst ruct 1 onal Impl 1 cat 1 ons x Teachers should provide actlvl 
ties that require experimentation (including computer 
simulations), the use of graphs, sca1« drawings, models, 
etc. to obtain and/or display the dat* needed for solution 
of problems. 
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1-E. continued 



1 
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4. Prove or otherwise justify selected algebraic 
statements. 

Instructional Iwpllcatlonst Teachers should encourage 
alternative proof styles (e.g., paragraph, Inductive, etc.) 
with the understanding that "Informality" In justifying 
hypothesis does not excuse students from accountability for 
the methods used and the results obtained. Teachers should 
provide for a "omparable emphasis on the justification of 
algebraic properties as Is the case for geometric 
properties. 

c 

5. Apply the algebraic manipulation of vectors in 

problem- solving situations involving; ' ^ 



a. vector addition; 

b. scalar and vector multiplication; 

c: use of mat ices in solving systems of equations. 



Instructional Implications: 



Teachers should provide an 



Impl 

abundance of activities tHat are *draw«. from applications In 
business and Industry. The computer should be used as an 
aid In the problem-solving process. Teachers should help 
students understand that this Is an area of mathematics In 
which new applications are being developed daljy. 
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F. FUNCTIONS 



STUDENTS SHOULD 

1. Understand the concept of function including: 

d. domai'^ <knd range of a function; 

b. distinction between relation and functioni 

c. graphs of functions. 
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Instructional Implications; Teachers should present this 
strand as a unifying t^orce In mathematics: I.e., many of 
the topics In higher- level mathematics are developed within 
the context of "function," 
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I-F. continued 



2. Understand and use properties and operations 
Involving functions Including: 



a. f + g; 

b. f - g; 

c. f * g; 

d. f/g; 
f(g); 

f. Inverses; 

g. transformations. 
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Instructional Implications; Teachers should provide actlvl- 
tles Invjolving applications of functions that develop the 
need for their understanding and use.^ Special attention 
roust be given to the process of Abstracting functions from 
problem situations. 

Use and graph polynomial functions Involving ideas 
such as: ^ 



a. symmetry; 

b. maxima/minima; . 

c. points of inflection; 

d. theory of equations (Including root estima- 
tion methods). 



I nstrtict 1 onal Imp! 1 cat 1 ons ; Whenever possible, teachers 
Should provide activities that Involve the use of computers 
In the development of understandings associated with 
polynomial functions and their use In the problem^solvlng^ 
process. (Computers are especially useful In displaying the 
graphs of functions.) - 



2 


234 




3 


34 




3 


34 




2 


^34 


4 



ERIC 



-23-29 



I-F,,^ continued 



4. Use and graph exponential and logarithmic 
„ functions . 



34 



I nstructi onal fiwpl 1 cati ons ; Teachers should place Instruc- 
tlonal emphasis on logarithms as functions (e.g., to solve ' 
gro!4th and decay problems, compound Interest problems^ etc.) 
rather than as a computational tool. Teachers should 
Introduce students to the use of non-uniform graph paper 
e.g., log-log and semi-log) as a mean? to display graphs or 
ex|:ionent1al functions. 



5. 



6. 



Understand and apply the concept of limits, 
derivatives, and continuity. 



34 



I nstructi onal Imp! 1 cati ons t Teachers should make use of 
calculators and computers to Introduce the concept of limit 
at an Intuitive level. Activities should be provided In 
which the derivative U applied to maxima/minima problems 
and to c'urve sketching techniques. 

Understand and use the concept of circular functions 
to include: 



a. unit circle; 

b. wrapping funct^pn; 

c. radian measure; 

d. graphs; 

e. properties of periodic functions, such as 
period, amplitude, and phase; 

f* trigonometric identities; 

g. Inverses of functions; 

V 

h. non-right triangle applications. 



Instructional Imp! Icatlons; Teachers ov^r the several grade 
levels sKbuld devetop-cdncipts associated with circular 
functions by use of a "spiral* approach: I.e., the Inter- 
dependency of these topics require their early Introduction, 
and a return to them periodically at Increasing Ijsvels of 
sophistication. 
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LIST OF SELECTED RESOURCES 



The following listing of instructional resources is designed to provide 
curriculum developers andL classroom teachers with a rich source of ideas 
and activities that supptfrt the goals and philosophy of the GUIDELINES FOR 
GRADES 9-12 MATHEMATICS CURRICULUM. The listing is not exhaustive; nar 
will everyone agree thait each of the listed resources is of sufficient 
significance to merit its inclusion. .Nevertheless, these are materials 
that have a number of knowledgeable mathematics educators have identified 
as eminently useful in their -experience, and which they believe will be 
valuable to those involved in the Guidelines implementation tasVs that lie 
ahead. ' — 

A. The following publications contain activity pages that may be 

duplicated for student use and/or activity ideas that may easily be 
prepared for classroom implementation: 

BASIC THINKING SKILLS SERIES (11 Bookl etsrby AnVta Har^ 1977, 
Midwest Publications. 

FIGURAL ANALOGIES (series of 3 booklets) by Howard Black and Sandra 
Black, 1982, Midwest Publications. ° 

FIGURAL CLASSIFICATIONS (series of 3 booklets) by Howard Black and 
Sandra Black, 1983, Midwest Publications. 

FIGURAL SEQUENCES (series of 3 booklets) by Howard Black and Sandra 
Blacki 1982, Midwest Publications. 

FIGURAL SIMILARITIES (series of 4 booklets) by Howard Black and Sandra 
Black, 1983, Midwest Publications. „ 

FINITE DIFFERENCES. A PATTERN-DISCOVERY APPROACH TO PROBLEM SOLVING by 
Dale Seymour and Margaret Shedd, 1973, Creative Publications. 

INDUCTIVE THINKING SKILLS (series of 11 booklets) by Anita Harnadek, 
1979, Midwest Publications. 

THE MATHEMATICS OF ISLAMIC ART, produced by the MetropolitanRuseum of 
Art, 1979, National Council of Teachers of Mathematics. 

MIND BENDERS (series of 11 booklets) by Anita Harnadek, 1978, Midwest 
Publications. 

. - • MULTICULTURAL MATHEMATICS POSTERS AND ACTIVITIES developed by the 

Mathematics Office, Seattle Public Schools, 1980, National Council of 
Teachers of Mathematics. 

PROBLEM SOLVING, A HANDBOOK FOR TEACHERS by Stephen Krulikand Jesse 
A. Rudnick, 1980, Allyn and Bacon. 

PROBLEM SOLVING IN MATHEMATICS, GRADE 9 ALGEBRA, Lane County 
Mathematics Project, 1983, Dale Seymour Publications. 
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PROBLEMS IN ANALYTIC GEOMETRY by R. J. Palmacdo, 1984. J. Weston 
Walch. /. 

PUZZLES .IN SPACE by David Stonerod, 1982, Creative PublJ cations. 

SCI-MATH. APPLICATIONS IN PROPORTIONAL PROBLEM SOLVING. MODULE ONE 
and MODULE TWO by Madeline P. Goostein, 1983, Addison Wesley. 

A SOURCEBOOK FOR TEACHING PROBLEM SOLVING by Stephen Krullk and Jesse 
A. Rudnick, 1984, AUyn and Bacon. 

SPACES (SOLVING PROBLEMS OF ACCESS TO CAREERS IN ENGINEERING AND 
SCIENCE), developed by The Lawrence Hall of Science, 1982. Dale . 
Seymour Publications. 

The following publications are appropriate for direct use by students 
and/or may serve as Idea "banks" for curriculum develropers, as well as 

..xIas.sro.onL.tfiacher.S4 — — 

♦ ■ ■ ' 

AHA! GOTCHA, PARADOXES TO PUZZLE AND DELIGHT by Martin Gardner, 1982, 
W. H. Freeman. . 

AHA! INSIGHT by Martin Gardner, 1978, Scientific American, W.H. 
Freeman. 

ALGEBRA THROUGH APPLICATIONS, PART 1 and PART 2 by Zalman Usiskln. 
1979, National Council of Teachers of Mathematics. 

CREATING ESCHER-TYPE DRAWINGS by E. R. Ranucci and J. L. Teeters, 

1977, Creative Publications. 

CREATIVE CONSTRUCTIONS by Dale Seymour and Reuben Schadler, 1974, 
Creative Publications. 

CRITICAL THINKING, BOOKS 1 and 2, by Anita Harnadek, 1980, Midwest 
Publications. 

THE DIVINE PROPORTION by H. E. Huntley, 1970, Dover Publications. 

_THE DOMEAUiLAEllJiMDBOOJOyJilhnJV^^^ 
Press. 

THE DOT AND THE LINE by Norton Juster, 1963, Random House. 

THE EDUCATION OF T. C. MITTS by Hugh 0. Lleber and Lillian R. Lleber, 

1978, W. W. Norton. 

FANTASIA MATH EM ATI C A by Clifton Fadiman, 1958, Simon and Schuster. 

FLATLAND by Edwin A. Abbott, 1952, Dover Publications. 

GEODESIC MATH' AND HOW TO USE IT by Hugh Kenner, 1976, University of 
Califof'nia Press. 
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THE GEOMETRY OF ART AND LIFE by Mitila Ghyka. 1978. William Gannon. 

THE GRAPHIC WORK OF M. C. ESCHER by M. C. Escher. 1977, Ballantine 
Books. 

HOW TO LIE WITH STATISTICS by Darrell Huff and Irving Geis, 1954. 
W. W. Norton. ,. ^ 

HUMAN VALUES AND SCIENCE. ART AND MATHEMATICS by Hugh°0. Lieber and 
Lillian R. ^Lieber. 1961. W. W. Norton. 

THE IMPOSSIBLE IN MATHEMATICS by Irving Adler. 1957. National Council 
of Teachers of Mathematics. 

MAGIC CUBES - NEW RECREATIONS by William.H. Benson and Oswald Jacoby. 
1981. Dover Publications. 

MAGIC SQUARES AND CUBES by W. S. Andrews. 1917. Dover Publications. 

"HRTHEHAmAt WFtmV'^^ed'fted- by 
Publications. 

MAfHEMATICAL FUN. GAMES AND PUZZLES by Jack Firohlichstein. 1967. 
Dover Publications. 

MATHEMATICAL. GEMS by, I . Ross Honsberger . 1979. Mathematical 
Association of America. 

THE MATHEMATICAL MAGPIE by Clifton Fad iman. 1962. Simon and Schuster. 

MATHEMATICAL MODELS by Henry M. Cundy and A. D. Rollett. 1961. Oxford 
University Press. , 

MATHEMATICS. A HUMAN ENDEAVOR by Harold R. Jacobs. 1982. W. H. 
Freeman. 

MATHEMATICS MAGIC AND MYSTERY by Martin Gardner. 1956.' Dover 
Publications. 

MATHEMATICS" ON VACATION by Joseph S. Madacby, 1966. Charles Scribner's 
Sons. 



THE MOSCOW PUZZLES by Boris A. Kordensky. 1972. Creative Publications. 

NEW RECREATIONS WITH MAGiC SQUARES by William H. Benson and Oswald 
Jacoby. 1976. Dover Publications. 

100 GEOMETRIC GAMES by Pierre Berloquin. 1979. Charles Scribner's 
Sons. <. 

101 PUZZLE PROBLEMS by Nathaniel B. Bates and Sanderson M. Smith. 
1980, Bates Publishing Co. 
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101 PUZZLES IN THOUGHT AND LOGIC by C. R. Wylie Jr.. 1957. Dover 
Publications. - 

PATTERNS IN SPACE by Robert Beard. 1973. Creative Publications. 

POLYHEDRA PRIMER by Peter Pearce and Susan Pearce. 1978. Dale ^eymour 
Publications.. 

POLYHEDRON MODELS FOR THE CLASSROOM by Magnus Wenninger. 1966. 
National Councir of Teachers of Mathematics. 

THE POWER OF LIMITS. PROPORTIONAL HARMONICS IN NATURE. ART. AND 
ARCHITECTURE by Gyorgy Doczi . 1981. Shambhala Publications. 

PUZZLE THINKING by Franeete Walberg. 1980. The Franklin Institute 
Press. 

..JiEADl.Na..iimJHa..ANQ.aO.IM.MmEMXl.C^^^^ „ .,.,„..,„ 

GEOMETRY . 
ADVANCED MATHEMATICS 
by Daniel Solow, 1984. Dale Seymour Publications. 

RECREATIONAL PROBLEMS IN GEOMETRIC DISSECTIONS AND HOW TO SOLVE THEM 
by Harry Lindgren. 1972. Dover Publications. 

SCIENCE FICTION PUZZLE TALES by Martin Gardner. 1981. Crown 
Publishers. 

SCIENTIFIC AMERICAN BOOK OF MATHEMATICAL PUZZLES AND DIVERSIONS by 
Martin Gardner. 1963. Simon and Schuster. 

SECOND BOOK OF MATHEMATICAL BAFFLERS, edited by Anglea Dunn. 1983. 
Dover Publications, 

THE 2ND SCIENTIFIC AMERICAN BOOK OF MATHEMATICAL PUZZLES AND 
DIVERSIONS by Martin Gardner. 1965. Simon and Schuster. 

SOME "PRIME". COMPARISONS by Stephen I. Brown. 1978. National Council 
of Teachers of Mathematics. 

SPHERELAND by Dionys Burger. 1965. Thomas Y.Crowell. 

THE UNEXPECTf) HANGING AND OTHER MATHEMATICAL DIVERSIONS by Martin 
Gardner. 1969, Simon and Schuster. . . 

WHOM THE GODS LOVE: THE STORY OF EVARISTE GALOIS by Leopold Infeld. 
1948. National Council of Teachers of Mathematics. 

WOMEN IN MATHEMATICS by Lynn M. Osen. 1974. The MIT Press. 

The following publications provide teachers with rich sources of 
problem:, and activity ideas for use with their students: 

APPLICATIONS OF SECONDARY SCHOOL MATHEMATICS by BeVnice K*stner. 1978. 
Nat^ional Council of Teachers of Mathematics. 



THE CONTEST PROBLEMS BOOKS II. III. AND IV from the Annual High School 
Mathematics Examinatior)iS. 1961-1982. National Council of Teachers of 
Mathematics. 

EXPERIENCES IN VISUAL THINKING. 2N0 ED. by Robert McKim. 1980. 
Brooks/Cole. i 

GREAT MOMENTS IN MATHEMATICS AFTER 1650 b\ Howard W. Eves. 1982. 
Mathematical Association of America. V 

GREAT MOMENTS IN MATHEMATICS BEFORE 1650 by Howard W. Eves. 1982. 
Mathematical Association of America. 

GEOMETRY: AN INVESTIGATIVE APPROACH bi((^hares G. O'Oaffer and Stanley 
R., Clemens. 1977. Addison Wesley. 

HISTORICAL TOPICS IN ALGEBRA, part of the 1971 Yearbook. National 
Council of Teachers of Mathematics. 

IN MATHEWAtlTJAL CIRCLES (2 Volumes )"by Howard W. Eves . 1969. Pri ndle^ 
Weber and Schmidt. 

INTERNATIONAL MATHEMATICAL OLYMPIADS 195)9-1977. compiled by Samuel L. 
Greitzer. 1979, National Council of Teachers of Mathematics. 

INTRODUCTION TO NON-EUCLIDEAN GEOMETRY by Harold Wolfe. 1945. 
Irvington. 

AN INTRODUCTION TO THE HISTORY OF MATHEMATICS by Howard W. Eves. 1983, 
Saunders College Publishing. 

MATHEMATICAL CHALLENGES II - PLUS SIX. edited by Thomas Hill. 1974. 
National Council of Teachers of Mathematics. 

I 

MATHEMATICAL CIRCLES ADIEU by Howard Vf. Eves. 1977. Prindle. Weber and 
Schmidt. ' 

MATHEMATICAL CIRCLES REVISITED by Howard W. Eves. 197^1. Prindle. Weber 
and Schmidt. 

MATHEMATICAL CIRCLES SQUARED by Howard W. Eves. 1972. Prindle. Weber ^ 
and Schffii^lt . — : — — — 

MATHEMATICAL IDEAS by Charles D. Miller and Vern.E. Heeron. 1980. 
Scott. Foresman. 

MATHEMATICS CONTEST PROBLEMS FOR JUNIOR AND SENIOR HIGH SCHOOL. Saint 
Mary's College/Brother Alfred Brousseau. 1971. Creative Publications.' 

MATHEMATICS - PROBLEM SOLVING THROUGH RECREATIONAL MATHEMATICS by 
Bonnie Averbach and Orin Chein. 1980. W. H. Freeman. 

MATHEMATICS TEACHER, published nine times yearly by the National 
Council of Teachers of Mathematics. - 
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MATHEMATICS. THE MAN-MADE UNIVERSE, by Sherman K. Stein. 1969. W. H. 
Fr«e(nan. y 

THENATURE OF MATHEMATICS by Karl 0. Smith. 1984. Brooks/Cole 
Publishing Co. 

NUMBERS AND INFINITY by Sondhelmer and Rogerson. 1981, Cambridge 
University Press* 

POLYHEDRAL MODELS by Magnus Wenninger. 1971. Cambridge University 
Press. 

PROBLEM SOLVING AND COMPREHENSION. A SHORT COURSE IN ANALYTICAL 
REASONING by Arthur Whimbey and Jack Lochhead. 1980. The Franklin 
Institute Press. 

RECREATIONS IN THE THEORY OF NUMBERS by Albert H. Beller. 1963, Dover 
Publications. 

SIXTY CHALLENGING PROBLEMS WITH BASIC SOLUTIONS by Donald Spencer. 
1979. Hayden Book Co. 

A SOURCEBOOK OF APPLICATIONS OF SCHOOL MATHEMATICS, prepared by Donald 
Bushaw and others. 1980. National Council of Teachers of Mathematics. 

SPHERICAL MODELS by Magnus Wenninger. 1979. Cambridge University 
Press. 

STATISTICS BY EXAMPLE by Frederick Mosteller et al . 1976, Addison 
Wesley. 

TEACHING MATHEMATICS. A SOURCEBOOK OF AIDS. ACTIVITIES. AND STRATEGIES 
by Max A. Sobel and Evan M. Maletsky. 1975. Prentice-Hall. 

TEACHING MATHEMATICS IN THE SECONDARY SCHOOL by Alfred S. Posamentier 
and Jay Stepelman. 1981. Charles E. Merrill. 

TEACHING STATISTICS AND PROBABILITY. 1981 Yearbook. National Council 
of Teachers of IMathematics. 

Othe r mater i al s of generar^ffEefest^o~both curHxalin^ and~ 
classroom teachers are listed below; 

AN AGENDA FOR ACTION - RECOMMENDATIONS FOR SCHOOL MATHEMATlUb OF THE 
1980s. 1980. National Council of Teachers of Mathematics. 

THE AGENDA IN ACTION. 1983 Yearbook of the National Council of 
Teachers of Mathematics. 

APPLICATIONS IN SCHOOL MATHEMATICS. 1979 Y,earbook of the National 
Council of Teachers of Mathematics. 

CLASSROOM IDEAS FROM RESEARCH ON SECONDARY SCHOOL MATHEMATICS by 
Donald Dessard and Marilyn Guydam. 1983. National Council of Teachers 
.of Mathematics. ^\ 
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COMPUTFRS IN MATHEMATICS, edited by David H. Ahl . 1979. Creative 
Computing Press. . 

COMPUTERS IN MATHEMATICS EDUCATION. 1984 Yearbook of the National 
Council of Teachers of Mathematics. 

COMPUTERS IN TEACHING MATHEMATICS by P. Kelman et al . 1983. Addison. 
Wesley. 

COMPUTING AND MATHEMATICS: THE IMPACT ON SECONDARY SCHOOL 
MATHEMATICS, edited by James Fey. 1984. National Council of Teachers 
of Mathematics. 

CONCEPTUAL BLOCKBUSTING by James L. Adams. .1980. W. W. Norton. 

GUIDE., INES FOR K-8 MATHEMATICS CURRICULUM, published by the Office of 
the Su.nerintendent of Public Instructf^n. Olympia. WA. 1984. 

. THE HIGH SCHOOL MATHEMATICS LIBRARY by William L. Schaaf. 1982. 
National Counci I of Teachers of Mathematics. 

HM MATH STUDY SKILLS PROGRAM by Catherine D. Tobin. 1980. National 
Council of Teachers of Mathematics. 

HOW TO SOLVE IT by George Polya. 1957, Princeton University Press. 

INDUCTION AND ANALOGY IN MATHEMATICS by George Poiya. 1954. Princeton 
University Press. 

MATH EQUALS by Terri Perl. 1978. Addison Wesley. 

MATHEMATICAL DISCOVERY by George Polya. 1962. John Wiley and Sons. 

MATHEMATICS: AN INTRODUCTION TO ITS SPIRIT AND USE. Readings from the 
Scientific American. 1979. W. H. Freeman. 

MATHEMATICS PROJECTS HANDBOOK by Adrien L. Hess. 1982, National 
Council of Teachers of Mathematics. 

PATTERNS OF PLAUSIBLE INFERENCE by George Polya, 1969, University of 
Princeton P_re_ss. 

r^ROBLEM SOLVINCKIN SCHOOL MATHEMATICS, 1980 Yearbook of the National 
Council of Teachers of, Mathematics. 

SCHOOL MATHEMATICS: OPTIONS FOR THE 1990s, Volume I - Chairman's 
Report of a Conference cosponsored by the U.S. Department of 
Education, the National Council of Teachers of Mathematics and the 
Wisconsin Center for Education Research. 

THE 10 BASIC SKILLS IN MATHEMATICS, Position Paper of the National 
Council of Supervisors of Mathematics, 1977. 
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10 ESSENTIAL IDEAS FOR BETTER TEACHING by Marllvn Suydam, Spring 1984 
Special Edition of Washington Mathematics, Washington State 
Mat^tematlcs Council* 

r 

THINKING MATHEMATICALLY by John Mason et al , 1982, Addison Wesley. 

USE EQUALS TO PROMOTE THE PARTICIPATION OF WOMEN IN MATHEMATICS by 
Alice Kaseberg, Nancy Krelnberg and Diane Downle, 1980, Lawrence Hall 
of Science, University of California. 
. ♦ . . .J 
WHAT SHOULD WE TEACH AS GEOMETRY? by Branko Grunbaum, Winter 1984-1985 
Special Edition of Washington Mathematics, 'Washington State 
Mathematics Council. 
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II. THREE-YEAR SEQUENCE 
A. CRITICAt THINKING AND PROBLEM SOLVING 



STUDENTS SHOULD . - , 

1. Understand and use problem-sol ving methods. Steps 
may Include: 
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a. 
b. 

c. 
d. 
e. 

f. 

g. 

h. 
1 . 



formulating the problem; ' 

analyzing arid conceptualizing the problem In- 
cluding the use of sketches, physical models, 
Venn diagrams, and estimation; > 

Identifying appropriate data and tools; 

using experimentation and Intu-ltlon; 

transferring skills and strategies to new 
situations; 

drawing on background knowledge; 
modeling and predicting outcomes; 
finding and Interpreting solutions; 
checking for reasonableness of results. 
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Instructional Implications: From the earliest grade level s^ 
forward, teachers should expose students to situations for 
which the solution Is not limedlately .obvious. Such 
problems should require exploration and result In knowledge 
acquisition. They may have multiple solutions, approximate 
solutions or both. They may. In fact have no solution. The 
teacher should Include problems which Can be Interpreted and 

JPP_i:pached 1,n various ways. In this context, the teachejr 

may wish to Include both packaged computer programs and . 
student-written programs to complement traditional problem- 
sol ving methods. 

^. Apply reasoning processes in problem solving that 
Include: 



a. inductive reasoning; 

b. both direct and indirect deductive reasoning. 
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II-A. continued 



rnstructjonal Implications; The teacher must become 1n- 
creaslngly sensitive to the frustration levels of students, 
allowing for the development of thinking skills to take 
place over extended periods of time. Further, teachers 
should be aware that the open-ended nature of problem 
solving and the associated thinking skllU are such that 
closure Is never reached. Teachers should take care to 
select activities that provide the excitement of discovery 
which in turn will lead, to lilgher levels of motivation. 



3. Understand and use probability and statistical 
methods in the problem-solving process that in- 
clude attention to: 



a. 
b. 

c. 
d. 

e, 

f. 



mean, median, mode; 

presentation and interpretation of data 
including the use of graphs, tables, etc.; 

interpolation und extrapolation; 

penmitations and combinations; ^ 

probability and odds; 

sampling techniques. 
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Instructional Implications; Teachers should provide an 
abundance of "real -life" situations that Involve the 
collection and Interpolation of data. Teachers should also 
capitalize on the potential for the use of cialculators 
and/or computers In facilitating the processing and display- 
ing of data. 



B. MEASUREMENT; SKILLS AND UNDERSTANDING 



STUDENTS SHOULD 

1. Understand and apply the factor labeling concept ■ 
(dimensional. analysis); e.g., 50 km/hr x 2 hr is 
100 km, etc. 

Instructi onal Impl 1 ca t1 ons ; Teachers should ^Introduce this 
concept as the need arises In finding solutions to p; obi ems. 
Teachers should provide activities that utilize an Inductive 
approach to help students discover the relationships that' 
exist between the various units of measure Involved. 




ERIC 



40 



-34- 



II-B. continued 




2. Use measuring devices In measurement activities 
Involving length, area, volume, capacity, weight 
(mass), angles, and time. 

Instructional Implications; Teachers should provide 
numerous opportunities for students to engage In hands-on 
measurement activities using such tools as rulers, 
compasses, protractors, directional compasses, sextants, 
transits, balance and spring scales, timing devices, etc. 
if 

3. Understand the approximate nature of measurement, 
rounding, and the use of significant digits In 
computations Involving measurements. 

Instructional Implicatioifis! Teachers should provide direct 
measurement activities tnat Involve estimation, rounding, 
comparison, and the use of significant digits to solve 
problems (e.g., perimeter, area ^ volume). 




4. 



5. 
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1-23 


3 . 









Know the relationship among units within each system, 
English and metric; be able' to convert measurements 
In given units to measurements In other units within 
each system; and be able to use "rule-of- thumb" 
methods to obtain approximate conversions between 
the systems (e.g., a meter is a little longer than a 
yard, etc.). . . 

I nstructj onal Impl 1 cati ons ; Teachers should provide 
hands-on measurement activities that lead students to 
discover the conversion factors. In particular, it is not 
sufficient to teach "moving the decimal point" rules for 
converting among metric measurements; but instead, students 
should deduce, whether they are to multiply or divide by , 
powiers of ten (and by which powers of ten) through 
experiential activities. 



Use Indirect measurement in probK.< 
activities such as those Involvlnc^ 

a. visual estimation; 

h. similar polygon applications; 

c. right triangle applications. 



ving 
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II-B. continued 



Instructional Iwpll cations: Teachers should provide 
situations requiring the use of problem solving heuristics 
such as "guess and check," use of jfilther pictorial or 

ghyslcal models, solving similar but simpler problems, etc. 
pportunltfes should be provided for students to experience 
applications In the world around them: e.g., finding the 
straight-line distance from.one corner of a building to the 
/ diagonally opposite corner. 



C. GEOMETRY; SKILLS AND UNDERSTANDINGS 



STUDENTS SHOULD 



1. 



Understand and use the vocabulary arid symbolism 
associated with geqnigtry. 




1 



23 



Instructional Implications; Teachers should provide 
Instruction that will assist students in learning the 
terminology of geometry so that they will be able to 
describe properties of geometric figures In terms of basic 
definitions. J^ctlvltles should be provided that Involve the 
use of measurement and construction tools, diagrams, graphs, 
models, etc.,^ to reinforce the learning of vocabulary In 
meaningful contexts. 

Understand and use concepts related to plane and 

soli (J geometric figures such as: , 



a. congrCience; 

b. similarity; 

c. parallelism; 

d. perpendicularity; 

e. skewness; 

f. syirriet ry; 

g. circles; 



Instructional Implications: Teachers should make extensive 
use of physical models and present as many "rea*l world" 
examples of each concept as possible. Students should be 
encouraged to look for such examples within their environ- 
ment. They should also be given opportunities to construct 
the^r own models to illustrate the various corcepts. 
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II-C, continued 



3. Understand and use the Pythagorean Theorem In 
solving problems Involving right triangles. 



1 



1 



Instructional Implications! Teachers should provide oppor- 
tunnies for students to discover the Pythagorean Theorem 
through experiential activities that Involve construction, 
measurement and the use of calculators/computers to process 
the data that Is generated by the activities. Applications 
fro.fl the "real world" should be emphasized. 



< . 

Demonstr te ability to perform geometric construc- 
tions such as constructing figures that are congru- 
ent to given figures, bisecting segments and angles, 
constructing perpendiculars and lines parallel to. 
given Tines, etc. „ - 




Instructional Implications; Teachers should provide for an 
integration of cons,truct1on activities throughout the study 
of mathematics, thus facilitating transitions from the 
concrete to the abstract. 




Understand and use coordinate geometry concepts in 
problem solving: e.g.', slope, distance^ midpoint, 
equations of lines, conic sections. 

Instructional Implications ! Teachers should select actlvi- 
t1 esvi nvol ving applications from business and Industry. 
Extensive use may be^made of confputer graphics In facili- 
tating the understanding and use of the concepts of 
coordinate geometry. ' • " 



6. 



Understand 
concepts. 



and use transformational geometry 



1 



23 



Instructional Implications! Teachers should provide actlvl- 
tles that relate to industrial applications, particularly In 
the area of computer-assisted design. The, Inclusion of 
transformational geometry concepts In the mathematics 
curriculum Is of Importance both from the standpoints of 
interest and practical application. 
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II-C. continued 



7. Justify selected geometric hypotheses. 



23 



Instructional Implications; Teachers should emphasize 
alternative styles of Justifying hypotheses (paragraph, 
Inductive, Intuitive, etc.) with a concurrent reduction In 
time spent on formal tw-column proofs^; however, teachers 
should, at all times, hold students accountable for thr 
methods used and the results obtained. (The time required 
for Implementing an Instructional approach that Is 
structured around problem solving may. In part, come with 
the adoption of a new attitude toward "proof." The obvious 
and trivial proofs that occur In present programs should be 
eliminated altogether.) 



8. 



Understand and use trigonometric ratios In solving 
problems Involving right triangles. 



Instructional Implications; Teachers should provide oppor- 
tunltlf^s for students to discover right triangle trigono- 
metric ratios through experiential activities that Involve 
construction, measurement and the use of calculators/ 
computers to process the data that Is generated by the 
activities. Applications from the "real world" should be 
emphasized. * 



9- 



Understand and use elementary concepts of polar 
coordinates and vectors. 



Instructional Implications; Teachers should provide 
students with simple applications Involving polar 
coordinates and vectors. The use of computer graphics In 
clarifying the associated concepts should be exploited. 



D. NUMBER PROPERTIES: THEORY AND COMPUTATION 



STUDENTS SHOULD 



1, Understand and use rules for order of operations 
and for simplifying expressions In computing with 
rational numbers rajlicals, and real numbers. 
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, il.D^ Continued 



Instructjonal IwpHcatlohs; Teachers should stress the use 
of calculators in computing. The use of pencil and paper 
algorithms should be nlnlmlzed. Teachers should provide 
applications Including those Involving algebraic and 
geometric concepts (e.g.* distance formula, geometric mean, 
area, volume, etc.) to establish meaningful contexts for the 
acquisition of the needed computation skills. 




2. Understand and use set notation and concepts from 
set theory such as union, intersection, complement, 
etc. 



Instructional Implications; Teachers should provide actlvi 
ties that neip students understand the use. of sets, set 
languages and set notation In clarifying and unifying 
algebraic and geometric concepts. The Instructional 
sequence should proceed from the concrete to the abstract. 



3. Be able to usftlpropertles of real numbers. 



1 



123 



Instructional Implications; Teachers should Introduce these 
properties within the contexts of the various number 
systems. For example, the commutative, associative, and 
distributive properties and the properties of zero and one 
should be Introduced by means of patterns found by computing 
with natural numbers and rational numbers. When students 
exhibit understandlna of the properties &s they apply to 
numerical examples. Instruction directed toward formal 
definitions will be meaningful to them. 

Students should be given numerous opportunities to apply the 
field properties to problems requiring the simplification of 
algebraic expressions, solution of, equations, and construc- 
tion of simple algebraic proofs. (Quasi-proof activities 
are appropriate at this level.) 



Understand and use exponential and scientific 
notation. 



1 



123 



Instructional Implications; Teachers should provide 
instruction, as needed, to enable students to generalize 
place value concepts by expressing the place value of each 
digit In a numeral as a power of the base (whatever the 
base). Activities should be provided that Involve 
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II-D. continued 



translating between standard form and exponential notation 
as well as those that involve translating among various 
bases. Applications involving scientific notation should be 
drawn from the physical sciences. 



of 



123 



5, Be able to compute a specific term or the sum 
finite number of terms of both arithmetic and 
geometric sequences. 

Instructional Implications: Teachers should utilize activl- 
tles that involve pattern recognition and the use of 
patterns in problem- solving activities. Advantage snould be 
taken of the many opportunities for investigation -and 
discovery in this area of mathematics. Use should also be 
made of non-obvious sequences to Illustrate the fallibility 
of inductive reasoning: e.g., making all possible connec- 
tions among n points on a circle to obtain the maximum 
number of regions generates the sequence, 1, 2, 4, 8, 16, 
31, 57, . . . and not 1, 2, 4, 8, 16, 32, 64, . . . as 
expected by most students when they are given the problem of 
determining the sequence of thfe number of regions by 
connecting successively greater numbers of points. The use 
of calculator4» and/or computers should be encouraged in 
facilitating explorations in this area of mathematics. 



E, ALGEBRA: CONCEPTS AND SKILLS 



STUDENTS SHOULD 

1. Demonstrate the ability to simplify algebraic 
exi ressions. 



123 



Instructional Implications; Teachers should provide an 
abundance of appil cations to motivate the acquisition of 
algebraic skills: i.e., skills instruction should not be 
provided in isolation from the applications for which the 
skills are needed. 

2. Solve and graph sentences, including: 

a. linear equations,^ inequalities; 

b. quadratic equations; 

c. systems of linear equations and inequalities 
in two vari-ables; 
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3. 
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d. fractional equations; 

e. simple radical equations; 

f. simple equations involving absolute value. 

I ns tructi onal Imp! 1 cat 1 ons ; Many of the types of equations/ 
inequalities listed above at*e those generated by non-trivial 
problems In physics, chemistry, business, accounting, 
communications, game theory, and literally hundreds of other 
areas. This emphasizes the need for mathematics teachers to 
maintain communication with teachers in other disciplines. 
In addition, people from the "outside" community should be 
used as resources whenever possible. <^ 

Teachers should provide activities in which the use of 
calculator skills and comput^ir simulations are crucial. 
Further, teacters should provide opportunities for students 
to" demonstrate their understanding of a prablem situation by 
creati ng a computer_pro4iiam_direated^^ solution o t- 

the problem. 

Wheifi equations Involve radicals, the teacher. needs to 
provide activities that lead students to understand both the 
loss of accuracy and the loss of simplicity that may result 
wheri 'calculators or computers are used. 

Understand and use ratio and proportion in solving 
problems including those involving: 



a. similarity; 

b. direct and invers'e variation; 

c. probability. 



Instructional Implications: Teachers should provide activi- 
ties that rei|Ulre experimentation (including computer 
simulations), the use of graphs, scale drawings, models, 
etc. to obtain and/or display the data needed for the 
solution of problems. 
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F. FUNCTIONS 



STUDENTS SHOULD 

1. Understand the concept of function including: 



a. 
b. 
c. 
d. 



domain and range of a function; 
distinction between relation and function; 
graphs of functions; 
sum and difference of functions. 



1 


123 


3 


1 


123 


3 . 


* 

1 


23 


•* 


3 


3 





Instructional Iiwplicationst Teachers should develop these 
concepts by using concrete and represuntatl onal 1 1 1 ustra- 
tlons and demonstrations such asoa "function machine.** 
Activities should be provided that allow stuclents to become 
familiar with many different kinds of functions. The use of 
sequences and patterns should be emphasized. Opportunities 
should be provided for students to represent functions by^ 
formulas, tables, and graphs. 



2. 



Use and graph exponential and logarithmic 
functions. 



Instructional Implications: Teachers should provide 
instructional emphasis on iogarlthms as functions (e.g., as 
applied to the solution of growth and decay problems, com- 
pound Interest problems, etc.) rather than as a computa- 
tional tool. Teachers should introduce students to the use 
of non-uniform graph paper (e.g., log-log and semi-log) as a 
means to display graphs of exponential functions. 
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LIST OF SELECTED RESOURCES 



The following listing of instructional resources is designe'* to provide 
curriculum developers and classroom teachers with a rich source of ideas 
and activities that support the goals and philosophy of the GUIDELINES FOR 
GRADES 9-12 MATHEMATICS CURRICULUM. The listing is not exhaustive; nor 
will everyone agree that each of the listed fesources is of siifficient 
significance to merit its Inclusion. Nevertheless, these are materials 
that have a number of knowledgeaMe mathematics educators Jiave identified 
as eminently useful in their experience and which they believe will be 
valuable to those involved in the Guidelines implementation tasks that lie 
ahead. 

A. The following publications contain activity pages that may be 

duplicated for student use and/or activity ideas that may easily be 
prepared for classroom implementation: 

ART "N" MATH by Karen Billings. Carol Campbell; and Alice Schwandt. 
1975. Action Math Associates. 

BASIC THINKING SKILLS SERIES (11 Booklets) by Anita Harnadek. 1977. 
Midwest Publications, 

FIGURAL ANALOGIES (series of 3 booklets) by Howard Black and Sandra 
Black. 1982. Midwest Publications. 

FIGURAL CLASSIFICATIONS (series of 3 booklets) by Howard Black and 
Sandra Black. 1 983 Jlldwest Publications. 

FIGURAL SEQUENCES (series of 3 booklets) by Howard Black and Sandra 
Black. 1982. Midwest Publications. 

FIGURAL SIMILARITIES (series of 4 booklets) by Howard Black anjd Sandra 
Black. 1983. Midwest Publications. 

FINITE DIFFERENCES. A PATTERN-DISCOVERY APPROACH TO PROBLEM SOLVING by 
Dale Seymour and Margaret Shedd. 1973. Creative Publications. 

INDUCTIVE THINKING SKILLS (series of 11 booklets) by Anita Harnadek. 
1979. Midwest Publications. 

THE MATHEMATICS OF ISLAMIC ART. produced by the Metropolitan Museum of 
Art. 1979. National Council of Teachers of Mathematics. 

MIND BENDERS (series of 11 booklets) by Anita Harnadek. 1978. Midwest 
Publications. 

MULTICULTURAL MATHEMATICS POSTERS AND ACTIVITIES developed by the 
Mathematics Office. Seattle Public Schools. 1980. National Council of 
Teachers of Mathematics. 

PROBLEM SOLVING. A HANDBOOK FOR TEACHERS by Stephen Krulik and Jesse 
A. Rudnick. 1980, Allyn and Bacon. 
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PROBLEM SOLVING IN MATHEMATICS. GRADE 9 ALGEBRA, Lane County 
Mathematics Project, 1983, Dale Seymour Publications. \ 

PROBLEMS IN ANALYTIC GEOMETRY by R.J. Palmaccio, 1984, X Weston 
Walch. 

\ , / 

PDZZLES IN SPACE by David Stonerod, 1982, Creative Publication's. ^ 

\ 

SCI-MATH, APPLICATIONS IN PROPORTIONAL PROBLEM SOLVING. MODULE ONE 
and MODULE -TWO by Madeline P. Goostein. 1983, Addison Wesley. ^ 

A SOURCEBOOK FOR TEACHING PROBLEM SOLVING by Stephen Krulik and Jess 
A. Rudnlck. 1984. Allyn and Bacon. 

SPACES (SOLVING PROBLEMS OF ACCESS TO CAREERS IN ENGINEERING AND 
SCIENCE), developed by The Lawrence Hall of Science. 1982, Dale 
Seymour Publications. 

SPIRIT MASTERS ON CALCULATORS IN GEOMETRY AND MEASUREMENT by Charles 
H. Lund, 1981, J. Westen Walch. 

USING CALCULATORS TO.DEVELOP THOUGHTFUL BEHAVIOR IN MATHEMATICS by 
Edward C. Beardslee, 1984. Washington State Mathematics Council. 

WHEN ARE WE EVER GONNA HAVE TO USE THIS? by Hal Saunders, 1981, Dale 
Seymour Publications. 

The following publications are .appropriate for direct use by students 
and/or may serve as idea "banks" for curriculum developers as well as 
classroom teachers: 

AHA! GOTCHA, PARADOXES TO PUZZLE AND DELIGHT by Martin Gardner, 1982, 
W. H. Freeman. ^ 

AHA! INSIGHT by Martin Gardner, 1978, Scientific American, W.H. 
Freeman. 

ALGEBRA THROUGH APPLICATIONS, PART 1 and PART 2 by Zalman Usiskin, 
1979, National Council of Teachers of Mathematics. 

CREATING ESCHER-TYPE DRAWINGS by E. R. Ranucci and J. L. Teeters, 
1977, Creative Publications. • 

CREATIVE CONSTRUCTIONS by Dale Seymour and Reuben Schadler, 1974, 
Creative Publications. 

CRITICAL THINKING, BOOKS 1 and 2, by Anita Harnadek. 1980, Midwest 
Publications. 

TME DOME BUILDERS HANDBOOK by John Prenis, 1973, Philadelphia Running 
press. 

THE DOT AND THE LINE by Norton Juster. 1963, Random House. 



THE EDUCATION OF T. C. MITTS by Hugh 0. Lleber and Lillian R. Lleber. 
1978,. W..W. Norton. 

EUREKA by Dale Seymour and Richard Gidley. 1968. Creative 
Publications. 

FANTASIA MATHEMATICA by Clifton Fad iman. 1958. Simon and Schuster. 

GEODESIC MATH AND HOW TO USE IT by Hugh Kenner. 1976. University of 
California Press. 

THE GEOMETRY OF ART AND LIFE by Mitila Ghyka. 1978, William Gannon. . 

THE GRAPHIC WORK OF M. C. ESCHER by M. C. Escher. 1977. Ballantine 
Books. 

HOW TO LIE WITH STATISTICS by Darrell Huff and Irving Gels. 1954. 
W. M. Norton. 

HUMAN VALUES AND SCIENCE. ART AND MATHEMATICS by Hugh 0. Lieber and 
Lillian R. Lieber. 1961. W. W. Norton. 

MAGIC SQUARES AND CUBES by W. S. Andrews. 1917. Dover Publications. 

MATHEMATICAL FUN. GAMES AND PUZZLES by Jack Firohlichstein. 1967.. 
Dover Publications. 

THE MATHEMATICAL MAGPIE by Cljfton Fadiman. 1962. Simon and Schuster. 

MATHEMATICAL MODELS by Henry. M. Ctndy and A. D. Rollett. 1961. Oxford 
University Press. 

MATHEMATICS. A HUMAN ENDEAVOR by Harold R. Jacobs. 1982. W. H. 
Freeman. 

NEW RECREATIONS WITH MAGIC SQUARES by William H. Benson and Oswald 
Jacoby. 1976, Dover Publications. 

100 GEOMETRIC GAMES by Pierre Berloquin. 1979. Charles Scribner's 
ions. 

150 PUZZLES IN CRYPT-ARITHMETIC by Maxey Brooke. 1969. Dover 
Publications. 

101 PUZZLE PROBLEMS by Nathaniel B. Bates and Sanderson M. Smith, 
1980. Bates Publishing Co. » 

101 PUZZLES IN THOUGHT AND LOGIC by C. R. Wylie Jr., 1957, Dover 
Publications. 

PATTERNS IN SPACE by Robert Beard, 1973, Creative Publications. 

POLYHEDRA PRIMER by Peter Pearce and Susan Pearce, 1978, Dale Seymour 
Publications. 
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POLYHEDRON MODELS FOR THE CLASSROOM by Magnus J. Wenninger, 1966. 
National Council of Teachers of Mathematics. 

PUZZLE THINKING by Franeete Walberg, loBO, The Franklin Institute 
Press. 

READING, WRITING, AND DOING MATHEMATICAL PROOFS 
GEOMETRY 

ADVANCED MATHEMATICS 
by Daniel Solow, 1984, Dale Seymour Publications. 

RECREATIONAL PROBLEMS IN GEOMETRIC DISSECTIONS AND HOW TO SOLVE THEM 
by Harry Lindgren, 1972, Dover 1>ubli cations. 

SCIENCE FICTION PUZZLE TALES by Martin Gardner, 1981, Crown 
Publishers. 

SOME "PRIME" COMPARISONS by Stephen I. Brown, 1978, National Council 
of Teachers of Mathejratics. 

WOMEN IN MATHEMATICS by Lynn M. Osen, 1974, The MIT Press. 

The following publications provide/teachers with rich sources of 
problems-and activity ideas for-uje- with their students: 

APPLICATIONS OF SECONDARY SCHOOL MATHEMATICS by Bernice Kastner. 1978, 
National Council of Teachers of Mathematics. 

EXPERIENCE§;IN VISUAL THINKING, 2ND ED. by Robert McKim, 1980, 
Brooks/Cole'. . 

GREAT MOMENTS IN MATHEMATICS AFTER 1650 by Howard w. Eves, 1982,> 
Mathematical Association of America. 

o 

GREAT MOMENTS IN MATHEMATICS BEFORE 165,0 by Howard W. Eves, 19p2, - 
Mathematical Association of America. 

GEOMETRY: AN INVESTIGATIVE APPROACH by Phares G. O'Daffer and Stanley 
R. Clemens, 1977, Addison Wesley. 

HISTORICAL TOPICS IN ALGEBRA, part of the 1971 Yearbook, Nationa. 
Council of Teachers of Mathematics, v 

IN MATHEMATICAL CUICIES (2 Volumes) by Howard W. Eves, 1969, Prindle, 
Weber and Schmidt.^ 

AN INTRODUCTION TO THE HISTORY OF MATHEMATICS by Howard W. Eves, 1983, 
Saunders College Publishing. 

MATHEMATICAL CHALLENGES II - PLUS SIX, edited by Thomas Hill, 1974, 
National Council of Teachers of Mathematics. 

MATHEMATICAL CIRCLES ADIEU >y Howard W. Eves, 1977, Prindle, Weber and 
Schmidt, 
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MATHEMATICAL CIRClf.S REVISITED by Howard W. Eves, 1971, Prindle, Weber 
and Schm1(.t. 

MATHEMATICAL CIRCLES SQUARED by Howard W. Eves, 1972, Prindle, Weber 
and Schmict. 

MATHEMATICAL IDEAS by Charles D. Miller and Vern E. Heeron, 1980, 
Scott, I'oresman. . ' 

MAThfEMATICS CONTEST PROBLEMS FOR JUNIOR AND SENIOR HIGH SCHOOL, Saint 
Mary^s College/Brother Alfred Brousseau, 1971, Creative Publications. 

MATHEMATICS - PROBLEM SOLV^ING THROUGH RECREATIONAL MATHEMATICS by 
Bonnie Averbach and Orin Chein, 1980, W. H. Freeman. 

MAtHEMATICS TEACHER, published nine times yearly by the National 
Council of Teachers of Mathematics. 

MATHEMATICS, THE MAN-MADE UNlVERSE/by Sherman K. Stein, 1969, W. H. 
Freeman . 

THE NATURE OF MATHEMATICS by Karl J. Smith, 1984, Brooks/Cole 
Publishing Co. 

NUMBERS AND INFINITY by Sondheimer and Rogerson, 1981, Cambridge 
University Press. 

POLYHEDRAL MODELS by Magnus Wenninger, 1971, Cambridge University 
Press. 

i* 

I.. 

SIXTY CHALLENGING PROBLEMS WIT>1 BASIC SOLUTIONS by Donald Spencer, 
1979, Hayden Book Co. 

A SOURCEBOOK OF APPLICATIONS OF, SCHOOL MATHEMATICS, prepared by Donald 
Bushaw and others, 198*^0, Natioijal Council of Teachers of Mathematics. 

SPHERICAL MODELS by Magnus Wenninger, 1979, Cambridge University 
Press. 

STATISTICS BY EXAMPLE by Frederick Mosteller et al , 1976, Addison 
Wesley. ■ , 

TEACHING MATHEMATICS, A SOURCEBOOK OF AIDS. ACTIVITIES, AND STRATEGIES 
by Max A. Sobel and Evan ^M- Ma lets ky, 1975, Prentice-Hall. 

TEACHING MATHEMATICS IN THE SECONDARY SCHOOL by Alfred S. Ppsamentier 
and Jay Stepelman, 1981, .Charles E. Merrill. 

TEACHING STATISTICS AND PROBABILITY, 1981 Yearbo"Sk. National Council 
of Teachers of Mathematics. 
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other materials of general interest to both curriculum developers and 
qlassroom teachers are listed below: 

AN AGENDA FOR ACTION - RE(iOMMENOATIONS FOR SCHOOL MATHEMATICS .OF THE 
1980s, 1980, National Council of T^ach&rs of Mathematics. 

'■\ 

THE AGENDA IN ACTION, 1983 Yearbook of the National Council of 
Teachers of Mathen)atics. ' , 

APPLICATIONS IN SCHOOL MATHEMATICS, 1979 Yearbdok of the National 
Council of Teachers of Mathematics. 

CLASSROOM IBEAS FROM RESEARCH ON SECONDARY SCHOOL MATHEMATICS by ^ 
Donald Dessard and Marilyn Suydam, 1983, National Council of Teachers 
of Mathematics. 

COMPUTERS IN MATHEMATICS, edited by David H. Ahl , 1979, Creative^ 
Computing l^ress. 

COMPUTERS IN MATHEMATICS EDUCATION, 1984 Yearbook of the National 
touncil of Teachers of Mathematics. 

COMPUTERS iN TEA.CHING MATHEMATICS by P. Kelman et al , 1983, Addison 
Wesley. 

COMPUTING AND MATHEMATICS: THE IMPACT ON SECONDARY SCHOOL 
MATHEMATICS, edited by James Fey, 1984, National Council of Teachers 
of Mathematics. . 

CONCEPTUAL BLOCKBUSTING by James L. Adams, 1980, W. W. Norton, 

GUIDELINES FOR K-8 MATHEMATICS CURRICULUM, published by the Office of 
the Superintendent of Public Instruction, Olympia, WA, 1984. 

THE HIGH SCHOOL *MATHEf1ATI(fs LIBRARY by William L. Schaaf, 1982, 
National Council of Teachers of Mathematics, 

HM MATH STUDY SKILLS PROGRAM by Catherine D. Tobin, 1980, National 
Council of Teachers of Mathematics. 

HOW TO SOLVE IT by George Polya, 1957, Princeton University Press. 

INDUCTION WiD ANALOGY IN MATHEMATICS by George Poly^, 1954, Princeton 
University Press. 

MATH EQUALS by Terri Perl, 1978, Addison Wesley. 

MATHEMATICAL DISCOVERY by George Polya, 19il52, John Wiley and Sons. 

MATHEMATICS: AN INTRODUCTION TO ITS SPIRIT AND USE, Readings from the 
Scientific American, 1979, W. H. Freeman. 

MATHEMATICS PROJECTS HANDBOOK by Adrien L. Hess, 198^,, National 
Council of Teachers of Mathematics. 
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PATTERNS or PLAUSIBLE INFERENCE by George Polya, 1969, University of 
Princeton Press. 

PROBLEM SOLVING IN SCHOOL MATHEMATICS, 1980 Yearbook of the National 
Council of Teachers of Mathematics. & 

SCHOOL MATHEMAtlCS: OPTIONS FOR THE 1990s, Volume I - Chairman's 
Report of a Conference cosponsored by the U.S. Department of 
Education, the National Council of Teachers Of Mathematics and the 
Wisconsin Center for Education Research. 

THE 10 BASIC SKILLS IN MATHEMATicS, Position Paper of the National ^ 
Council of Supervisors of Mathematics, 1977. . 

10 ESSENTIAL IDEAS FOR BETTER TEACHING by Marilyn Suydam, Spring 1984 
Special Edition of Washington' Mathematics, Washington ^tate 
Mathematics Council. 

THINKING MATHEMATICALLY by John Mason et al, 1982, Addison Wesley. 

s 

USE EQUALS TO^PROMOTE THE PARTICIPATION OF WOMEN IN MATHEMATICS by 
Alice Kaseberg, Nancy Kreinberg and Diane Oownie, 1980, Lawrence Hall 
of Science, University of Calitoniia. 

WHAT°SHOULD WE TEACH AS GEOMETRY? by Branko Grunbaum, Winter 1984-1985 
Special Edition of Washington Mathematics, Washington State 
Mathematics Council. f 
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IM. TWO-YEAR SEQUENCE 



A. CRITICAL THINKING AND PROBLEM SOLVING 



STUDENTS SHOULD 

1, Understand and use problem solving methods. Steps 
may 1r lude; 



a. , formulating the problem; 

b. analyzing and conceptualizing the problem In- 
cluding the use of sketches, physical models, 
Venn diagrams, and estimation; 

c. Identifying appropriate data and tools; 

d. 'using experimentation and intuition; 

e. transferring skills and strategies to new 
situations; 

f. drawing on background knowledge; 

g. • modeling and predicting outcomes; 

h. finding and Interpreting solutions; 

I. checking for reasonableness uf results. 



•8 

O 

{H H 



(0 o 
(0 > I 



Instructional Implications; From the earliest grade levels 
forward 9 teachers should expose students to situations for 
which the solution Is not Immediately^ obvious^ Such ^ 
problems should require exploration and result Iq knowledge 
acquisition^ They may have multiple solutions* approximate 
solutions or both« They may* In fact* have no solution. 
The teacher should Include problems which can be Interpreted 
and approached In various ways. In this context* the 
teacher may wish to Include both packaged computer programs 
and student-wrltten programs to complement traditional 
problem^solvlng methods. 
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IU»A. continued 



2. 



Apply reasoning processes In problem solving that 
Include: 



a. Inductive reasoning; 

b. deductive reasoning. 
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3. 



Instructional Implications; The teacher must become 
increasingly sensitive to the frustration levels of 
students, allowing for the development of thinking skills to 
take place over extended periods of time. Further, teachers 
should be aware that the open-ended nature of problem 
solving and the associated thinking skills are such that 
closure Is never reached. Teachers should take care to 
select activities that provide the excitement of discovery 
which In turn will lead to higher levels of motivation. 

Understand and use probability and statistical 
methods in the problem- solving process, including 
attention to: 



a. collection of data; 

b. mean, median, mode*, 

c. presentation and interpretation of data in- 
cluding the use of graphs, tables, etc. 

d. Intuitive probabilityj 

e. odds. 
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Instructional Implications; Teachers should provide an 
aBunaance of "real-ltfe*^ situations that Involve the 
collection and Interpretation of data. Teachers should also 
capitalize on the potential for the use of calculators 
?nd/3r computers In facilitating the processing and 
dfsplay^.rtg of data., 
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MEASUREMENT; SKILLS AND UNDERSTANDINGS 



STUDENTS SHOULD 



1. 



Apply the factor labeling concept (dimensional 
analysis): e.g. ,50 km/hr x 2 hr Is 100 km, etc. 



1 



12 



2. 




3. 



Instructional IwpVI cations; Teachers should Introduce this 
concept as the need arises In finding solutions to problems. 
Activities should be provided that encourage an Inductive 
approach In the discovery of the relationships that exist 
emong the various units of measurement Involved. 



Use measuring devices In measurement activities 
Involving length, area, volume, weight, angles, 
and time. 



Instructional Implications; Teachers should provide 
numerous opportunities for hands-on measurement activities 
using such tools as rulers, compasses, protractors, balance 
and spring scales, and timing devices. 



Understand rounding. and the approximate nature of 
measurement and the limitations it imposes on 
computation. 



Instructional Implications; Teachers should provide 
s-ituatlons in which students compare results obtained by 
direct measurement activities such that they are led to an 
understanding of the approximate nature of measurement. 
Using the Idea of "greatest possible error, students can 
compare maximum and minimum results obtained by computing 
areas and volumes. 





4. Know the relationship among units within each 
system, English and metric; be able to convert 
measurements in given units to measurements in 
other units within each system; and be able to use 
"rule-of-thumb" methods to obtain approximate con- 
versions between the systems (e^g., a meter is a 
little longer than a yard, etc.). 

r 

I nstructi onal Impl 1 cat 1 ons ; Teachers should provide hands- 
on measurement activities that result In the discovery of 
the conversion factors. In particular. It Is not sufficient 
to teach the "moving the decimal poii^* rules for converting 
among metric measurements; Instead, experiential activities 
should provide students with the understandings that enable 
them to determine whether they are to multiply or divide by 
powers of ten (and by which powers of ten). 
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111-B. continued 



5. 



6. 



Be able to estimate length, weight, angles, and 
time. 



12 



I ns truct 1 onal Imp! 1 ca t 1 ons ; Teachers should provide an 
array of measurement activities for which the only required 
outcomes are estimates. Students should also be encouraged 
to "guess and check" when engaging In measurement 
activities. 



Find indirect measurements using scale drawings 
and maps. 



2 



Instructional Implications; Teachers should provide oppor- 
tunltles for students to construct scale drawings and maps 
as well as to interpret existing drawings. 



C. GEOMETRY: SKILLS AND UNDERSTANDINGS 



STUDENTS SHOULD 



Understand and use the vocabulary anrf symbolism 
associated with simple geometric figures. 



1 



Instructional Implications; Teachers should provide 
instruction that will assist students in learning the 
terminology of geometry so that they will be able to 
describe properties of geometric figures In terms of basic 
definitions. Activities should be provided that Involve the 
use of measurement and construction tools, diagrams, graphs, 
models, etc. to reinforce the learning of vocabulary In 
meaningful contexts. 

Understand and use concepts related to plane and 
solid geometric figures such as: * 



a. concepts of congruence using transformations; 

b. similarity; 

c. parallelism; 

d. perpendicularity; 
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iii-C. continued 



e. 
f. 



skewness; 
synmetry. 



2 
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Instructional Impllcatlonst Teachers should provide oppor- 
tunitiesp for students to construct physical, models that 
illustrate the various properties. Teachers should 
encourage students to look for examples within their 
environment. 



3. Be able to use the Pythagorean Theorem. 





■■■■ " -1 
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Instructional Implications; Teachers should provide "real 
life" appi Nations involving triangles for which the 
measurement of the sides does not result in sets of 
Pythagorean triples. The use of calculators shoul^ be 
encouraged. 



Demonstrate ability to perform basic geometric 
constructions such aS constructing figures that ^ 
are congruent to given figures, bisecting segments 
and angles, constructing perpendiculars and lines 
parallel to given lines, and constructions with 
paper folding* 

itistructlonal Implications; Teachers should provide, for an 
integration of construction activities throughout the study 
' of mathematics, thus facilitating transitions from the 
concrete to the abstract. 




Be able to use coordinate geometry In practical 
applications. 



Instructional Implications; The teacher should provide 
applications of coordinate geometry such as simple linear 
graphs, map reading, grid games, etc. 
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0. NUMBER PROPERTIES; THEORY AND COMPUTATION 



STUDENTS SHOULD 




1, Be able to convert numbers between the different 
forms such as fractions to decimals, percents to 
fractions, etc. 

Instructional _ImpH cations; Teachers should encourage the 
development of understanding through applications to "real 
life" situations. 



2, Be able to arrange numbers In a sequential order. 



1 



Instructional Implications; Teachers should provide activi 
ties that require students to order rational numbers, 
negative as well as non-negative. 



Be able to compute with rational numbers, and u:? 
rational approximations of square roots. 



1 



,12 



Instructional Implications; Teachers should provide an 
abundance of applications that require students to choose 
and use the correct computational processes. The use of 
calculators should be encouraged. Teachers should also 
provide instruction in the processes associated with signed 
numbers. 



Be able to simplify numerical /algebraic expressions 
using the order of ^operations rule. 

Instructional Implication s; Teachers should 
tunities for students to establish the rules 
experiential activities. Students should be 
tunities and time to think through, discuss, 
their conclusions. 



1 
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provide oppor- 
through 
given oppor- 
and "defend" 




Be able to simplify expressions using the properties 
of addition and multiplication such as commutative, 
associative, distributive, identity, and inverse 
properties. 

Instructional Implications; Teachers should provide 
students with numerous examples that wi IT help them to 
intuitively develop these concepts. Little emphasis should 
be placed on terminology. 
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in»D. continued 



6. 



Be able to apply the transitive, the multiplicative, 
and the additive properties of equality and inequal- 
ity. 




Instructional Implications; Teachers should provide 
students with numerous exai^ples that will help them to 
Intuitively develop these c^oncepts. Little emphasis should 
be placed on terminology. 



7. Understand and use exponential/scientific notation. 



1 



12 



Instructional Implications; Teachers should provide actlvl 
ties designed to develop thes^ concepts within the context 
of calculator problems Involving large and small numbers. 
Emphasis needs to be placed oni place value In the decimal 
system, but may be extended to\ Include other bases. 



E. ALGEBRA: CONCEPTS AND SKILLS 



STUDENTS SHOULD 

1. Demonstrate ability to work with simple algebraic 
expressions and formulas. 



1 



12 



Instructional Implications; Teachers should provide 
students with numerous opportunities to benefit from 
experiences Involving Slubstltuting values Into practical 
formulas prior to consideration of abstract algebraic 
expressions. Neither should be attempted before students 
are reasonably adept at evaluating numerical expressions. 



2. Solve and graph linear equations. 



1 



12 



Instructional Implications; As much as possible, teachers 
should select activities involving solving and graphing 
linear equations from the "real world." Applications such 
as temperature scale conversions, banjcing formulas, etc. 
should be used. ^ 



\ 
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UI'E. continued 



3. Understand and use ratio and proportion In solving 
problems Including those Involving: 




a. similarity; 

b. Intuitive probability. 

Instructional Implications; Teachers should provide appll- 
catlons of ratio and proportion through the use of measure- 
ment and other hands-on activities. 

F. FUNCTIONS 



STUDEN TS SHOULD 
1. 



Understand the concept of function Including 
attention to: 



a. graphs of functions; 

b. domain and range of functions. 
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Instructional Implications; Teachers should develop the 
concept of function through the use of concrete and repre- 
sentational Illustrations and demonstrations such as a 
"function machine.". Opportunities to look at many different 
kinds of functions should be provided. The use of sequences 
and patterns should be emphasized. Students shouni 
understand that a function can be represented by a formula,, 
table, or graph. Example; A marathoner runs at an average 
rate of 325 meters per minute. 



Formula 



distance 
in meters 



= 325t^, 



time In 
minutes 



Table 



t 


0 


1 


2 


3 


0 

' • • • 


10 


• • • 


d 


0 


325 




975 


• • • 


3250 


• * • 
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LIST OF SELECTED RESOURCES 



The following listing of instructional resources is designed to provide 
curriculum developers and classroom teachers with a rich source of ideas 
and activities that support the goals and philosophy of the GUIDELINES FOR 
GRADES 9-12 MATHEMATICS CURRICULUM. The listing is not exhaustive; nor 
will everyone agree that each of the listed resource<^ is of sufficient 
significance to merit its inclusion. Nevertheless > these are materials 
that have a number of knowledgeable mathematics e iucators have identified 
as eminently useful in their experience and whi n they believe will be 
valuable to those' involved in the Guidelines "inplementation tasks that lie 
ahead. 

A. The following publications contain activity pages that may be. 

duplicated for student use and/or activity ideas that may easily be 
prepared for classroom implementation: 

ACTIVITIES FROM THE MATHEMATICS TEACHER, edited by Evan M. Maletsky 
and Christian R. Hirsch. 1981. National Council of Teachers of 
Mathematics. 

ALGEBRA IN THE CONCRETE by Mary Laycock and Reuben Schadler. 1973. 
Activity Resources Co. 

ART "N" MATH by Karen Billings. Carol Campbell, and Alice Schwandt, 
1975, Action Math Associates. 

BASIC THINKING SKILLS SERIES (11 Booklets) by Anita Harnadek. 1977. 
Midwest Publications. 

BRAIN STRETCHERS. BOOKS 1 and 2 by Carol Anderson and Jackie Haller. 
1977. Midwest Publications 

CLASSROOM QUICKIES. BOOKS 1. 2. and 3 by Anita Harnadek, 1978, Midwest 
Publications. , ~ 

DEVELOPING SKILLS IN ESTIMATION. BOOK B by Dale Seymour. 1981. Da>e 
Seymour Publications. 

DEVELOPING THOUGHTFUL BEHAVIOR IN MATHEMATICS by John Firkins. 1983. 
Washington State Mathematics Council . 

FIGURAL ANALOGIES (series of 3 booklets) by Howard Black and Sandra 
Black. 1982. Midwest Pifbli cations. 

FIGURAL CLASSIFICATIONS (series of 3 booklets) by Howard Black and 
Sandra Black. 1983, Midwest Publications. 

FIGURAL SEQUENCES (series of 3 booklets) by Howard Black and Sandra 
Black. 1982, Midwest Publications. 

FIGURAL SIMILARITIES (series of 4 booklets) by Howard Black and Sandra 
Black, 1983, Midwest Publications. 
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FINITE DIFFERENCES. A PATTERN-DISCOVERY APPROACH TO PROBLEM SOLVING by 
Dale Seymour and Margaret Shedd, 1973,. Creative Publications. 

FOCUS ON GEOMETRY by Margaret Smart and Mary Laycock, 1982, Activity 
Resources Co. 

HANDY MATH SERIES by Jan Fair 

FOCUS ON PURCHASING FOCUS ON MAP SKILLS 

f6cUS on travel FOCUS ON EARNING MONEY 

FOCUS ON SPORTS FOCUS ON MANAGING MONEY 

1979, Creative Publications. 

INDUCTIVE THINKING SKILLS (series of 11. booklets) by Anita Harnadek, 
1979, Midwest Publications. 

THE MATHEMATICS OF ISLAMIC ART, produced by the Metropolitan Museum of 
Art, 1979, National Council of Teachers of Mathematics. 

MATHEMATICS RESOURCE PROJECT 

NUMBER SENSE AND ARITHMETIC SKILLS 

1IIATHEMATICS IN SCIENCE AND SOCIETY 

RATIO, PROPORTION AND SCALING 

GEOMETRY AND VISUALIZATION 

STATISTICS AND INFORMATION ORGANIZATION 
1978, Creative Publications. 

MIND BENDERS (series of 11 booklets) by Anita Harnadek, 1978, Midwest 
Publications. , 

■r 

THE MINNEAPOLIS GENERAL MATH PROJECT 

IN A WORD CHECKING OUT PATTERNS 

THE WHOLE OF IT PART AND PARCEL 

A REASONABLY CLOSE ENCOUNTER WATCH YOUR WALLET 

' THE SIZE OF IT CHARTING YOUR COURSE 

l> 1983-, Dale Seymour Publications. 

MULTICULTURAL MATHEMATICS POSTERS AND ACTIVITIES developed by the. 
Mathematics Office, Seattle Public Schools, 1980, National Council of 
Teachers of Mathematics. 

A NEW TWIST - DEVELOPING ARITHMETIC SKILLS THROUGH PROBLEM SOLVING by 
Jean J. Pedersen and Franz 0. Armbruster, 1979, Addison Wesley. 

NOTABLE NUMBERS by William Stokes, 1972, Creative Publications. 

^ PROBLEM SOLVING, A HANDBOOK FOR TEACHERS by Stephen Krulik and Jesse 
'A. Rudnick, 1980, AUyn and Bacon. 

PROBLEM SOLVING IN MATHEMATICS, GRADE 8, Lane County Mathematics 
Project, 1983, Dale Seymour Publications. . 

PROBLEM SOLVING IN MATHEMATICS, GRADE 9 ALGEBRA, Lane County 
Mathematics Project, 1983, Dale Seymour Publications. 
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PROJECT A-PUZZLE by Richard D. Porter. 1978, National Council of 
Teachers of Mathematics. 

QUIZZLES by Wayne Williams, 1980, Creative Publications. 

A SOURCEBOOK FOR TEACHING PROBLEM SOLVING by Stephen Krulik and Jesse 
A. Rudnick, 1984, Allyn and Bacon. 

SPIRIT MASTERS ON CALCULATORS IN GEOMETRY AND MEASUREMENT ' by Charles 
H. Lund, 1981, J. Westen Walch. 

TEACHING PROBLEM- SOLVING STRATEGIES by Daniel T. Dolan and James 
Williamson, 1983, Addison Wesley. 

THINK ABOUT IT, MATHEMATICS PROBLEMS OF THE DAY by Marcy Cook, 1982, 
Creative Publications. 

THINKING THROUGH PROBLEMS by Bernabas Hughes, 1975, Creative 
Publications. 

USING CALCULATORS TO DEVELOP THOUGHTFUL BEHAVIOR IN MATHEMATICS by 
Edward C. Beardslee^ 1984, Washington State Mathematics Council. 

WHEN ARE WE EVER GONNA HAVE TO USE THIS? by Hal Saunders, 1981, Dale 
Seymour Publications. 

WORD PROBLEMS (series of 9. booklets) by Anita Harnadek, 1980, Midwest 
Publications. 

A,. 

The following publications are appropriate for direct use by students 
and/or may serve as idea "banks" for curriculum developers as well as 
classroom teachers: 

AHA! GOTCHA, PARADOXES TO PUZZLE AND DEHGHT by Martin Gardner, 1982, 
W. H. Freeman. 

AHA! INSIGHT by Martin Gardner, 1978, Scientific American, W.H. 
Freeman. * 

ALGEBRA THROUGH APPLICATIONS, PART 1 and PART 2 by Zalman Usiskin, 
1979, National Council of Teachers of Mathematics. 

CREATING ESCHER-TYPE DRAWINGS by E. R. Ranucci and J. L. Teeters, 
1977, Creative Publications. 

CREATIVE CONSTRUCTIONS by Dale Seyiifour and Reuben Schadler, 1974, 
Creative Publications. 

THE DOME BUILDERS HANDBOOK by John Prenis, W73, Philadelphia Running 
Press. 

THE DOT AND THE LINE by Norton Juster, 1963, Random House. 
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EUREKA by Dale Seymour and Richard Gidley, 1968, Creative 
Publications. 

THE GRAPHIC WORK OF M. C. ESCHER by M. C. Escher. 1977. Ballantine 
Books. 

HOW TO LIE WITH STATISTICS by Darrell Huff and Irving Gels. 1954. 
W. W. Norton. 

HOW TO TAKE A CHANCE by Darrell Huff and Irving Gels. 1964. W. W. 
Norton. 

I'M A NUMBER GAME by John Gregory and Dale Seymour. 1978. Creative 
Publications. 

LIMERICK mER PUZZLES by John Gregory and J)ale Seymour. 1978. 
Creative Publications. 

MATHEMATICAL FUN. GAMES AND "pUZZLES by Jack Firohl ichstein. 1J967. 
Dover 'Publi cations. 

MATHEMATICS. A HUMAN ENDEAVOR by Harold R. Jacobs. 1982. W. H. 
Freeman . 

NUMBER TREASURY by Stanley Bezuszka and Margaret Kenny. 1982. Dale 
Seymour Publications. ' 

150 PUZZLES IN CRYPT-ARITHMETIC by Maxey Brorke. 1969. Dover 
Publications. 

PATTERNS IN SPACE by Robert Beard. 1973. Creative Publications. 

POLYHEDRA PRIMER by Peter Pearce and Susan Pearre, 1978. Dale Seymour 
Publications. 

POLYHEDRON MODELS FOR THE CLASSROOM by Magnus J. Wenninger. 1966, 
National Council of Teachers of Mathematics. 

WOMEN IN MATHEMATICS by Lynn M. Osen. 1974. The MIT Press. 

The following publications provide teachers with rich sources of - 
problems and activity ideas for use with their students: 

APPLICATIONS OF SECONDARY SCHOOL MATHEMATICS by Bernice Kastner. 1978, 
National Council of Teachers of Mathematics. 

CREATIVE PROBLEM SOLVING IN MATHEMATICS by George Lechner. 1983, 
Houghton Mifflin. 

GEOMETRY: AN INVESTIGATIVE^^ APPROACH by Phares G. O'Daffer and Stanley 
R. Clemens. 1977. Addison Wesley. 

IN MATHEMATICAL CIRCLES (2 Volumes) by Howard W. Eves. 1969. Prindle. 
Weber and Schmidt. 
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MATHEMATICAL CIRCLES ADIEU by Howard W. Eves. 1977, Prindle, Weber and 
Sdimi dt. 

MATHEMATICAL CIRCLES REVISITED by Howard W. Eves, 1971, Prindle, Weber 
e^nA Schmidt. 

MATHEMATICAL CIRCLES SQUARED by Howard W. Eves, 1972, Prindle, Weber 
and Schmidt. 

MATHEMATICS CONTEST PROBLEMS FOR JUNIOR AND SENIOR HIGH SCHOOL, Saint 
Mary's College/Brother Alfred Brousseau, 1971, Creative Publications. 

MATHEMATICS TEACHER, published nine times yearly by the National 
Council of Teachers of Mathematics. 

MEASUREMENT IN SCHOOL MATHEMATICS, 1976 Yearbook, National Council of 
Teachers of Mathematics. 

NUMBERS AND INFINITY by Sondheimer and Rogerson, 1981, Cambridge 
University Press. 

A SOURCEBOOK OF APPLICATIONS OF SCHOOL MATHEMATICS, prepared by Donald 
Bushaw and others, 1980, National Council of Teachers of Mathematics. 

SUCCESSFUL PROBLEM SOLVING TECHNIQUES by Carole Greenes, John Gregory, 
and Dale Seymour, 1977, Creative Publications. 

TEACHING MATHEMATICS. >\ * 1CEB00K OF AIDS, ACTIVITIES. AND STRATEGIES 
by Max A. Sobel and '.v m. Maletsky. 1975. Prentice-Hall. 

TEACHING MATHEMATICS IN THE SECONDARY SCHOOL by Alfred S. Posamentier 
and Jay Stepelman. 1981. Charles E. Merrill. 

TEACHING STATISTICS AND PROBABILITY. 1981 Yearbook. Nationa"! Council 
of Teachers of Mathsmatics. 

0. Other materials of general interest to both curriculum developers arid 
classroom teachers are listed below: , j 

AN AGENDA FOR ACTION - RECOMMENDATIONS FOR SCHOOL MATHEMATICS OF THE 
1980s, 1980. National Council of Teachers of Mathematics. 

THE AGENDA IN ACTION. 1983 Yearbook of the National Council of 
Teachers of Mathematics. 

APPLICATIONS IN SCHOOL MATHEMATICS. 1979 Yearbook of the National 
Coiincil of Teachers of Mathematics. 

CLASSROOM IDEAS FROM RESEARCH ON SECONDARY SCHOOL MATHEMATICS by 
Donald Dessard and Marilyn Suydam. 1983, National Council of Teachers 
of Mathemati cs . 

COMPUTERS IN MATHEMAT I CSt edited by David H. Ahl . 1979. Creative 
Computing Press. 
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COMPUTERS IN MATHEMATICS EDUCATION, 1984 Yearbook of the National 
Council of Teachers of Mathematics. 

COMPUTERS IN TEACHING MATHEMATICS by P. Kelman/ et al, 1983, Addison 
Wesley. 

COMPUTING AND MATHEMATICS: THE IMPACT ON SECONDARY SCHOOL 
MATHEMATICS, edited by James Fey, 1984, National Council of Teachers 
of Mathematics. / 

/ 

CONCEPTUAL BLOCKBUSTING by James L. Adams, /1980, W. W. Norton. 



GUIDELINES FOR K-8 MATHEMATICS CURRICULUM* published by the Office of 
the Superintendent of Public Instruction^ Olympi a, WA, 1984. 



National Council of Teachers of Mathematics. 

HM MATH STUDY SKILLS^PROGRAM by Catherine D. Tobin, 1980, National 
Council of Teachers of Mathematics. / 

HOW TO SOLVE IT by George Polya, 1957, Princeton University Press. 

INDUCTION AND ANALOGY IN MATHEMATICS by George Polya, 1954, Princeton 
University Press. 

MATH EQUALS by Terri Perl, 1978, Addison Wesley. 

MATHEMATICAL DISCOVERY by George Pplya, 1962, John Wiley and Sons. 

MATHEMATICS: AN INTRODUCTION TO (TS SPIRIT AND USE, Readings from thi 
Scientific American, 1979, W. H. Freeman. 



MATHEMATICS PROJECTS HANDBOOK by/A<ir1en L. Hess, 1982, National 



PATTERNS OF PLAUSIOLE INFERENCE by George Polya, 1969, University of 
Princetgn Press, 

PROBLEM SOLVING IN SCHOOL MATHEMATICS, 1980 Yearbook of the National 
Council of Teachers of Mathematics, 

SCHOOL MATHEMATICS: OPTIONS FOR THE 1990s, Volume I - Chairman's 
Report of a Conference cosponSored by the U.S. Department of 
Education, the National Council of Teachers of Mathematics and the 
Wisconsin Center for Education Research. 

THE 10 BASIC SKILLS IN MATHEMATICS, Position Paper of the National 
Council of Supervisors of Mathematics, 1977. 

10 ESSENTIAL IDEAS FOR BETTER TEACHING by Marilyn Suydam, Spring 1984 
Special Ed1t1on,of Washington Mathematics, Washington State 
Mathematics Council . 



THE HIGH SCHOOL MATHEMATICS LIBRARY 




Schaaf, 1982, 



Council of Teachers of Mathemat1,cs. 
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THINKING MATHEMATICALLY by John Mason et al, 1982. Addison WBsley. 

USE EQUALS TO PROMOTE THE PARTICIPATION OF WOMEN IN MATHEMATICS by 
Alice Kaseberg, Nancy Kreinberg and Diane Downie, 1980. Lawrence HaU 
of Science. University of California. 

WHAT SHOULD WE TEACH AS GEOMETRY? by Dranko Grunbaum. Winter 1984-198 
Special Edition of Washington Mathematics, Washington State 
Mathematics Council . 
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